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Preface 


CH2M  HILL  is  a  contractor  for  the  Remedial  Design/Remedial  Action  alternate  technology 
program  at  McClellan  Air  Force  Base  in  California.  The  specific  technology  addressed  is 
soil  vapor  extraction.  This  document  is  a  secondary  document  to  the  primary  Operable 
Unit  B  Remedial  Investigation/Feasibility  Study  (RI/FS)  Report/Proposal  Plan.  The  work  is 
being  conducted  under  Air  Force  Contract  No.  F04699-90-0035,  Delivery  Order  No.  5038. 

The  Soil  Vapor  Extraction  (SVE)  Pilot-Scale  Treatability  Investigation  is  one  of  several 
projects  within  Operable  Unit  D  (OU  D).  Concurrent  with  the  SVE  Pilot-Scale  Treatability 
Investigation,  off-base  soil  gas  migration  is  being  evaluated,  as  well  as  the  measurements  of 
crawl  space  and  ambient  air  volatile  organic  compound  (VOC)  contamination  at  off-base 
residences.  The  OU  D  RI/FS  will  culminate  in  a  Record  of  Decision  in  1994.  The  results 
of  this  pilot-scale  treatability  study  will  be  used  in  the  OU  D  feasibility  study,  as  well  as 
other  feasibility  studies  at  McClellan  AFB. 

Key  CH2M  HILL  project  personnel  are: 

Starr  I.  Dehn — Program  manager 
lohn  Lucero — Subprogram  manager 
Gerald  R.  Tracy — Project  manager 
Joseph  P.  Danko — SVE  technical  coordinator 
Donna  Morgans — Data  validation 

Calvin  Noling — Assistant  project  manager  and  data  coordinator 
Ken  White — Field  task  leader 
Mollie  Netherland — Health  and  safety 

CH2M  HILL  would  like  to  acknowledge  the  cooperation  of  the  McClellan  AFB  Office  of 
Environmental  Management  for  assistance  in  expediting  this  project.  In  particular,  CH2M 
HILL  acknowledges  the  assistance  of  Mr.  Steve  Hodge,  Mr.  Fran  Slavich,  and  Mr.  Jerry 
Styles. 

The  work  discussed  in  this  document  is  being  conducted  between  June  1992  and  May  1993. 


CVOR275/02I.51-1 


Executive  Summary 


CH2M  HILL  is  currently  preparing  a  treatability  investigation  of  soil  vapor  extraction 
(SVE)  at  Site  S  in  Operable  Unit  (OU)  D  at  McClellan  Air  Force  Base  near  Sacramento, 
California.  This  work  plan  describes  activities  to  be  conducted  during  Phases  II  and  III  of 
the  SVE  treatability  investigation.  A  brief  description  of  each  of  these  phases  is  presented 
below: 

•  Phase  n.  Phase  II  activities  include  installation  of  SVE  wells  and  process 
equipment,  and  preoperation  soil  sampling. 

•  Phase  III.  Activities  to  be  conducted  during  Phase  III  include  operation  of 
the  SVE  pilot  plant,  performance  sampling  during  and  after  the  pilot  system 
operation,  and  equipment  demobilization.  This  phase  will  be  concluded 
with  a  Pilot  Syste.m  Evaluation  Final  Report. 

Site  S  encompasses  a  previously  activated  waste  pit  used  for  disposal  of  solvents  and  fuel. 

The  SVE  pilot  treatment  system  will  be  compri.sed  of  a  network  of  soil  gas  extraction 
wells  set  at  various  depths  in  the  vadose  zone.  A  vacuum  will  be  applied  to  the  wells  to 
remove  volatile  organic  compounds  (VOCs)  from  the  soil.  The  extracted  offgas  flow  rate 
and  chemical  composition  will  be  monitored  and  emissions  treated  using  an  onsite 
catalytic  oxidation  system. 

The  pilot  treatability  investigation  has  nine  main  objectives.  These  objectives  are 
summarized  below  and  detailed  in  Section  3  of  this  Work  Plan. 

I .  Quantify  the  mass  of  contaminants  removed  during  operation  oi  the  pilot-scale 
system. 
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2.  Evaluate  the  reduction  of  specific  contaminants  in  the  waste  pit  and  alluvial 
deposits. 

3.  Evaluate  the  benefits  of  hot  air  injection  as  an  enhancement  to  SVE  in  the  waste 
pit. 

4.  Evaluate  vadose  zone  transport  processes  to  identify  major  mechanisms  controlling 
contaminant  migration  and  document  the  reasons  for  discounting  other  migration 
mechanisms. 

5.  Evaluate  the  degree  of  biodegradation. 

6.  Identify  strata  from  which  contaminants  are  difficult  to  remove  by  SVE. 

7.  Evaluate  performance  of  the  SVE  offgas  emission  control  system. 

8.  Evaluate  the  applicability  of  SVE  to  OU  D  and  collect  sufficient  operational  data 
to  support  the  detailed  analysis  of  SVE  as  a  remedial  action  alternative  in  the 
feasibility  study  for  OU  D. 

9.  Assess  general  applicability  of  SVE  at  other  McClellan  AFB  sites. 

Soil,  soil  gas,  and  emissions  samples  will  be  collected  and  analyzed  at  various  times 
during  the  treatability  investigation  to  support  evaluation  of  these  objectives. 

Soil  samples  will  be  tested  for  analyses  of  the  following  items: 

•  Physical  properties,  including  permeability,  porosity,  grain  size  distribution, 
percent  saturation,  and  bulk  density 

•  Total  petroleum  hydrocarbon 
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•  Chemical  oxygen  demand 

•  Moisture  content 

•  pH 

•  Ammonia  nitrogen 

•  Nitrate  nitrogen 

•  Ortho-phosphate  phosphorous 

•  Microbial  assay 

Over  500  analyses  will  be  conducted  on  soil  samples. 


Soil  gas,  SVE  offgas,  and  emission  control  samples  will  be  tested  with  an  onsite  gas 
chromatograph  for  volatile  organic  compounds.  Additional  canister  samples  will  be 
collected  for  confirmation  analyses  of  volatile  organic  compounds  by  Method  TO- 14,  and 
for  total  nonmethane  hydrocarbons  by  Method  TO- 12.  Emission  control  samples  will  also 
be  tested  for  hydrochloric  acid  and  dioxin.  Analysis  of  over  1,200  gas  samples  is 
planned. 


General  basewide  and  a  site-specific  health  and  safety  plans  will  be  adhered  to  during 
constmction  and  operation  of  the  pilot  plant.  These  plans  are  presented  in  Section  8. 

Residual  soil  waste  produced  during  the  pilot  study  will  be  characterized  before  disposal 
by  Toxicity  Characteristic  Leaching  Procedure  (TCLP)  and  Total  Threshold  Limit 
Concentration  (TTLC)  analyses. 
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In  addition  to  the  Work  Plan,  the  following  reports  will  be  prepared  as  a  part  of  the 
Phase  n  and  ni  activities  of  the  SVE  treatability  investigation: 

•  Data  Management  Manual 

•  Operations  and  Maintenance  Plan 

•  Monthly  Operation  Reports 

•  Bioventing  Performance  Report 

•  Pilot  System  Evaluation  Final  Report 

The  contents  of  each  of  these  reports  is  presented  in  Section  10  of  tnis  Work  Plan.  A 
schedule  of  completion  dates  and  deliverables  is  included  in  Section  1 1  of  the  Work  Plan. 
Section  12  presents  the  key  CH2M  HILL  staff  members  assigned  to  this  project. 

During  the  completion  of  this  project,  CH2M  HILL  will  continue  to  provide  support  to  the 
ongoing  community  relations  program  at  McClellan  AFB  as  it  applies  to  the  SVE 
treatability  investigation. 
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Acronyms  and  Abbreviations 


AFB 

BACT 

bgs 

BTEX 

CERCLA 

CO, 

DNAB 

DOT 

DQO 

EDB 

EPA 

GC/MS 

GC 

GWTP 

HjO 

HCl 

HOPE 

Hg 

HPLC 

IP 

IRP 

IRPIMS 

IWTP 

LEL 

MDL 

MOSA 

NMOC 

NPDES 

NPL 

NO, 

NWWA 

OU 

OSHA 

PCB 

ppbv 

PPE 

PVC 

QA 

QAPP 

QC 

RCRA 


Air  Force  Base 

best  available  control  technology 

below  ground  surface 

benzene,  toluene,  ethylbenzene,  xylenes 

Comprehensive  Environmental  Response,  Compensation  and  Liability  Act  of 
1980 

carbon  dioxide 

Standard  Operating  Procedure  for  Determining  Total  Hyphal  Length,  Numbers 

of  Active  Bacteria,  and  Length  of  Active  Fungi 

Department  of  Transportation 

data  quality  objective 

Environmental  Data  Base 

United  States  Environmental  Protection  Agency 

gas  chromatography/mass  spectroscopy 

gas  chromatograph 

groundwater  treatment  plant 

water 

hydrochloric  acid 
high-density  polyethylene 
mercury 

high  pressure  liquid  chromatography 
ionization  potential 
installation  restoration  program 

Installation  Restoration  Program  Information  Management  System 

industrial  wastewater  treatment  plant 

lower  explosive  limit 

method  detection  limit 

Methods  of  Soil  Anal)  Js 

Method  TO- 12,  Total  Nonmethane  Hydrocarbons 

National  Pollutant  Discharge  Elimination  System 

National  Priorities  List 

nitrous  oxides 

National  Water  Well  Association 
Operable  Unit 

Occupational  Safety  and  Health  Administration 

polychlorinated  biphenyl 

parts  per  billion — volume  basis 

personal  protective  equipment 

pol)rvinyl  chloride 

quality  assurance 

Quality  Assurance  Project  Plan 

quality  control 

Resource  Conservation  and  Recovery  Act 
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RI/FS  Remedial  Investigation/Feasibility  Study 

RMSF  Rocky  Mountain  spotted  fever 

SARA  Superfund  Amendments  and  Reauthorization  Act  of  1986 

scfm  standard  cubic  feet  per  minute 

SSC  site  safety  coordinator 

SSP  site  safety  plan 

SVE  soil  vapor  extraction 

SVOC  semivolatile  organic  compound 

TCLP  toxicity  characteristic  leaching  procedure 

TIC  tentatively  identified  compound 

TLD  thermal  luminescent  dosimetry 

TO- 12  Test  method  for  determination  of  nonmethane  organic  compounds  in  ambient 
air 

TO- 14  Test  method  for  determination  of  volatile  organic  compounds  in  ambient  air 
using  summa  passivated  canister  sampling  and  gas  chromatography  analysis 
TPH  total  petroleum  hydrocarbons 

TTLC  total  threshold  limit  concentration 

VOC  volatile  organic  compound 

UHP  ultra  high  purity 

SRM  standard  reference  material 
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Section  1 

Introduction 


This  work  plan  has  been  developed  for  Phases  II  and  in  of  the  pilot- scale  treatability  inves¬ 
tigation  of  soil  vapor  extraction  (SVE)  at  Site  S  in  Operable  Unit  (OU)  D  at  McClellan  Air 
Force  Base  (McClellan  AFB)  near  Sacramento,  California.  The  purpose  of  the  treatability 
investigation  is  to  develop  sufficient  field  and  operational  data  to  assess  the  applicability  of 
SVE  technology  in  removing  site-specific  contaminants  at  the  base.  The  information 
gathered  during  Phases  II  and  III  will  be  summarized  in  a  report  and  used  in  the  ongoing 
Remedial  Investigation/Feasibility  Study  (RI/FS)  efforts  to  aid  in  selection  of  cost-effective 
remediation  procedures  for  specific  types  and  locations  of  contaminants.  The  information 
developed  in  this  treatability  investigation  will  also  be  used  for  the  design  of  full-scale  SVE 
systems  if  SVE  is  selected  as  an  appropriate  remedial  action. 

Previous  investigations  at  Site  S  in  OU  D  indicate  contaminants  were  derived  from  disposal 
of  spent  solvents  and  fuels.  Contaminants  at  Site  S  are  typical  of  those  at  many  locations 
across  the  base.  The  SVE  technology  has  been  successful  in  removing  similar  contaminants 
in  similar  soil  matrices  at  sites  other  than  McClellan  AFB.  The  treatability  investigation  at 
Site  S  will  allow  assessment  of  the  effectiveness  of  SVE  in  removing  volatile  contaminants 
and  less-mobile  compounds  from  the  waste  pit  and  from  the  native  soils  below  the  pit.  The 
result  will  also  be  useful  in  assessing  SVE  applications  to  other  similar  on-base  sites. 


Background  Information 

The  SVE  treatability  investigation  will  be  carried  out  in  Site  S  of  OU  D  at  McClellan  AFB, 
located  near  Sacramento,  California.  An  area  map  showing  the  general  location  of 
McClellan  AFB  is  presented  as  Figure  1-1. 

Operable  Unit  D  consists  of  approximately  140  acres  located  in  the  northwest  portion  of 
McClellan  AFB.  The  area  was  first  used  for  waste  disposal  in  the  1940s  and  was  most 
recently  used  in  1981.  Past  disposal  practices  in  OU  D  included  landfills,  disposal  pits, 
open  burning,  incineration,  sludge  drying  beds,  and  landfarms.  Materials  disposed  within 
OU  D  include  industrial  sludge,  waste  solvents,  fuel,  and  oil.  Approximately  38,000  cubic 
yards  of  waste  sludge  are  known  to  be  present  in  OU  D.  There  are  varying  levels  of  vola¬ 
tile  organics,  organic  acids,  base/neutral  compounds,  trace  metals,  and  cyanides  present  in 
both  the  sludge  and  the  surrounding  soil.  Some  of  these  contaminants  have  also  been 
detected  in  the  groundwater  beneath  OU  D. 

Site  S  is  one  of  12  waste  disposal  sites  identified  in  OU  D  and  encompasses  approximately 
9,200  square  feet.  The  waste  disposal  zone  extends  from  about  4  to  25  feet  below  the 
ground  surface. 
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In  1985,  two  soil  borings  were  completed  in  Site  S.  The  contaminants  found  in  the  soil 
were  primarily  volatile  organic  compounds,  including  ethylbenzene,  toluene,  xylene, 
dichlorobenzene,  acetone,  and  4-methyl-2-pentanone.  Some  semivolatile  compounds  were 
also  detected.  The  data  collected  during  the  1985  investigation  were  used  to  select  Site  S 
within  OU  D  as  the  site  for  the  SVE  treatability  investigation.  The  data  collected  during 
the  1985  investigation  confirmed  that  the  pit  was  used  mainly  for  disposal  of  spent  solvents 
and  fuels,  rather  than  for  bum  materials  or  industrial  solids. 

In  1985,  as  part  of  the  McClellan  AFB  Installation  Restoration  Program  (IRP),  a  multilayer 
cap  was  installed  over  a  portion  of  OU  D,  then  referred  to  as  Area  D.  Site  S  is  within  the 
capped  area.  The  purpose  of  the  low-permeability  cap  was  to  prevent  rainwater  infiltration 
and  soil  gas  migration.  Thirty-two  vent  risers  were  installed  in  the  cap  to  allow  for  venting 
or  collection  of  soil  gas  that  might  accumulate  under  the  cap.  The  majority  of  invasive 
actions  taken  as  part  of  the  SVE  treatability  investigation  will  require  penetrating  the  cap. 
Details  of  the  cap  penetration  are  discussed  in  Section  4. 

The  SVE  treatability  investigation  will  be  undertaken  in  three  phases: 

•  Phase  I  site  characterization  was  to  assess  the  nature  and  extent  of  contami¬ 
nants  within  the  vadose  zone,  evaluate  the  permeability  of  the  vadose  zone 
soils,  and  obtain  site-specific  data  for  design  of  the  pilot-scale  SVE  system. 
Phase  I  work  was  completed  in  June  1992. 

•  Phase  II  includes  additional  pre-operation  site  characterization  and  installa¬ 
tion  of  the  pilot-scale  SVE  process  equipment. 

•  Phase  III  includes  operation  of  the  pilot  plant  and  evaluation  of  the  SVE 
technology. 

Findings  of  the  Phase  I  site  characterization  are  presented  below. 

Phase  1  Findings 

The  surface  area  designated  for  the  SVE  pilot  test  is  approximately  4,000  square  feet.  Five 
extraction/injection  wells  and  14  piezometers  were  installed  in  this  area  as  part  of  the  site 
characterization  effort.  Figure  1-2  presents  the  locations  of  these  wells  and  piezometers. 
Screen  locations  for  the  various  installations  were  selected  to  allow  testing  and  analysis  of 
representative  zones  of  contaminated  materials  encountered  at  the  site.  Five  in  situ  perme¬ 
ability  tests  were  performed  using  the  extraction  wells  and  piezometers.  Canister  samples 
of  soil  gas  were  collected  during  the  air  'rmeability  tests. 

Zones  of  Contamination 

Based  on  the  lithologic  and  contaminant  data  collected  during  the  Phase  I  investigation,  the 
following  zones  of  contamination  were  identified  at  Site  S: 
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RGURE  1-2 

SrTE  S  WELL  AND  PIEZOMETER 
LOCATIONS 


Waste  Pit  (P).  Site  S  (and  all  of  OU  D)  is  capped  with  a  multilayer  liner  at  a  depth  of 
approximately  3  feet  below  ground  surface  (bgs).  The  waste  pit  lies  immediately  beneath 
the  cap  and  is  characterized  by  heavy  concentrations  of  contaminants  in  a  matrix  of  land- 
filled  soils.  The  average  waste  pit  thickness  is  approximately  20  feet  and  extends  from  the 
multilayer  cap  to  approximately  25  feet  bgs. 

Intermediate  Alluvium  (1).  The  intermediate  alluvial  zone  is  characterized  by  high  con¬ 
centrations  of  contaminants  in  an  alluvial  soil  matrix.  The  zone  consists  of  the  native  soil 
directly  below  the  waste  pit.  The  intermediate  alluvial  zone  has  an  average  thickness  of 
approximately  15  feet,  between  the  depths  of  25  feet  bgs  (bottom  of  the  waste  pit)  and 
40  feet  bgs. 

Deep  Alluvium  (D).  This  zone  is  characterized  by  lower  concentrations  of  contaminants  in 
an  alluvial  soil  matrix.  The  deep  alluvial  zone  consists  of  the  native  soil  located  below  the 
intermediate  zone.  The  deep  alluvial  zone  has  an  average  thickness  of  approximately 
60  feet,  between  the  bottom  of  the  intermediate  zone  (approximately  40  feet  bgs)  and  the 
groundwater  (approximately  100  feet  bgs.) 

Physical  and  Chemical  Characteristics 

Soil  samples  were  collected  during  installation  of  each  well  or  piezometer.  Selected 
samples  were  tested  at  offsite  laboratories  to  determine  the  physical  and  chemical  properties 
of  the  materials.  Physical  properties  included  horizontal  and  vertical  air  permeability;  total 
porosity;  bulk  density;  bulk  volume;  grain  density;  sieve  analysis;  total  percent  saturation; 
percent  saturation  by  water;  and  percent  saturation  by  hydrocarbons.  Chemical  properties 
included  purgeable  hydrocarbons;  total  petroleum  hydrocarbons;  purgeable  aromatics;  vola¬ 
tile  organics;  pesticides  and  polychlorinated  biphenyls  (PCBs);  semivolatile  organics; 
dioxins  and  dibenzofurans;  cyanide;  total  organic  carbon;  and  heavy  metals. 

Twelve  soil  vapor  samples  from  the  air  permeability  testing  were  analyzed  for  volatile 
organic  compounds  and  total  petroleum  hydrocarbons  in  accordance  with  United  States 
Environmental  Protection  Agency  (EPA)  Method  TO- 14. 

Results  of  the  laboratory  permeability  tests  indicate  intrinsic  permeabilities  varying  from 
about  10'^  to  10  '  darcies  in  the  silt  materials,  and  from  about  10  "  to  1  darcies  in  the  silty 
sand  materials. 

The  analytical  results  from  the  soil  samples  indicate  widespread  horizontal  and  vertical 
organic  contamination  throughout  Site  S.  The  contamination  appears  to  be  most  prevalent 
in  the  zone  of  the  former  waste  pit,  with  general  trends  indicating  decreased  contamination 
concentration  with  depth.  The  most  prevalent  compounds  at  the  site  appear  to  be  petro- 
leum-ba.sed,  which  is  consistent  with  the  pa.st  u.sage  of  the  site.  Chlorinated  hydrocarbons 
were  also  detected  throughout  the  site.  Semivolatile  organics,  PCBs,  and  dioxins  were 
generally  only  detected  in  the  waste  pit  materials.  Simple  calculations  indicate  approxi¬ 
mately  5,800  pounds  of  volatile  organic  contaminants  exist  within  the  vadose  zone  of 
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Site  S,  based  on  the  soil  sample  results.  This  is  probably  a  low  estimate,  because  of  VOC 
losses  during  sample  collection  and  analysis. 

The  contaminants  detected  in  the  soil  vapor  samples  from  the  air  permeability  tests  were 
predominantly  chlorinated  hydrocarbons,  benzene,  toluene,  ethylbenzene,  and  xylenes 
(BTEX),  and  petroleum  hydrocarbons.  The  compounds  detected  at  the  greatest  concentra¬ 
tions  in  most  of  the  extraction  wells  were  1,1-dichloroethene  and  1,1,1-trichloroethane.  The 
air  samples  also  indicated  higher  concentrations  of  vinyl  chloride  and  freons  than  were 
determined  in  the  soil  samples. 

In  addition  to  direct  laboratory  determinations,  soil  air  permeability  was  estimated  by  corre¬ 
lation  with  grain-size  distribution  and  by  analysis  of  the  in  situ  pressure  drawdown  test 
data.  Soil  air  permeability  values  calculated  using  the  grain-size  distribution  data  compared 
fairly  closely  with  the  laboratory-determined  values.  Permeability  values  for  similar  mate¬ 
rials  determined  from  the  in  situ  pressure  drawdown  tests  were  generally  10  to  100  times 
higher  than  those  determined  by  laboratory  or  grain-size  correlation  methods. 

The  maximum  radius  of  influence  of  the  SVE  wells  was  estimated  based  on  the  results  of 
the  pressure  drawdown  tests.  A  radius  of  influence  of  greater  than  60  feet  was  determined 
for  well  VES-01,  which  was  screened  over  its  full  depth  in  the  vadose  zone.  A  radius  of 
influence  of  40  feet  was  estimated  for  well  VES-04,  which  was  screened  in  predominantly 
low  permeability  material  (silty  and  clayey  sand).  A  radius  of  influence  varying  from  less 
than  15  feet  to  more  than  60  feet  was  estimated  for  well  VES-05,  which  was  screened  in 
the  waste  pit  materials.  The  variability  in  radius  of  influence  is  indicative  of  the  wide  range 
of  material  types  in  the  waste  pit  and  the  likelihood  of  encountering  zones  of  relatively 
impermeable  materials.  Consequently,  SVE  wells  in  the  waste  pit  may  be  too  closely 
spaced  to  achieve  adequate  cleanup. 
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Section  2 

SVE  Technology  Description 


SVE  is  a  relatively  new  technology  that  has  demonstrated  effective  removal  of  VOCs  from 
a  variety  of  soil  conditions  within  the  vadose  zone.  To  a  lesser  extent,  SVE  has  also  shown 
promise  in  removing  some  VOCs  from  heavier  hydrocarbons.  The  technology  consists  of  a 
series  of  soil  gas  extraction  wells  screened  within  the  zone  of  contamination.  The  wells  are 
connected  by  header  pipes  to  one  or  more  high-capacity  blowers.  The  blowers  create  a 
vacuum  within  the  soil  and  transfer  the  contaminant-laden  soil  gas  to  an  emission  control 
system  for  destruction  of  the  contaminants.  Based  on  an  analysis  of  best  available  control 
technology  (BACT),  a  catalytic  oxidation  system  has  been  selected  for  the  emission  control 
system.  The  catalytic  oxidation  system  was  selected  over  other  technologies  because  of  its 
ability  to  destroy  vinyl  chlorides  and  methylene  chloride,  its  relatively  low  nitrous  oxides 
(NOJ  emissions,  and  its  high  contaminant  destruction  efficiency. 

The  vacuum  extraction  rate  of  the  SVE  system  will  be  reduced  to  the  minimum  to  sustain 
aerobic  biological  degradation  of  contaminants  within  the  vadose  zone  after  a  short  period 
of  SVE  operation.  This  bioventing  period  will  allow  evaluation  of  the  impact  of  biodegra¬ 
dation  on  contaminant  removal. 

Following  bioventing,  the  conventional  SVE  system  will  be  enhanced  with  hot  air  injection 
within  the  waste  pit  and  intermediate  alluvial  zones.  A  blower  will  be  used  to  heat  and 
pressurize  injection  air  to  approximately  250'’F.  The  increase  in  soil  gas  temperature  should 
enhance  volatilization  of  the  VOCs  and  increase  naturally  occurring  biodegradation. 

Soil  vapor  extraction  pilot-scale  treatability  investigations  typically  consist  of  an  initial 
testing  stage  to  establish  baseline  conditions,  a  startup  period,  an  operational  period,  and 
final  testing.  The  operational  period  will  comprise  standard  SVE  operations,  bioventing, 
and  enhanced  SVE  operations.  Section  3  contains  the  objectives  of  the  Site  S  pilot-scale 
treatability  investigation  and  outlines  the  duration  necessary  for  each  stage  of  the 
investigation. 


CVOR275A)30.5I 


2-1 


Section  3 

Pilot  Treatability  Investigation  Objectives 


Data  previously  collected  during  Phase  I  and  those  to  be  collected  during  Phases  II  and  III 
will  be  used  to  evaluate  the  effectiveness  of  treatment  by  SVE  at  Site  S,  OU  D.  More 
specifically,  the  following  are  the  objectives  of  the  SVE  treatability  investigation: 

1.  Quantify  the  mass  of  contaminants  removed  during  operation  of  the  pilot-scale 
system. 

2.  Evaluate  the  reduction  of  specific  contaminants  in  the  waste  pit  and  alluvial  deposits. 

3.  Evaluate  the  benefits  of  hot  air  injection  as  an  enhancement  to  SVE  in  the  waste  pit. 

4.  Evaluate  vadose  zone  transport  processes  to  identify  major  mechanisms  controlling 
contaminant  migration  and  document  the  reasons  for  discounting  other  migration 
mechanisms. 

5.  Evaluate  the  degree  of  biodegradation. 

6.  Identify  strata  from  which  contaminants  are  difficult  to  remove  by  SVE. 

7.  Evaluate  performance  of  the  SVE  offgas  emission  control  system. 

8.  Evaluate  the  applicability  of  SVE  to  OU  D  and  collect  sufficient  operational  data  to 
support  the  detailed  analysis  of  SVE  as  a  remedial  action  alternative  in  the  feasibil¬ 
ity  study  for  OU  D. 

9.  Assess  general  applicability  of  SVE  at  other  McClellan  AFB  sites. 

The  frequency  of  sampling  to  achieve  each  of  the  above  objectives  is  based  primarily  on 
professional  judgement  and  experience  by  CH2M  HILL.  However,  collection  of  these  data 
does  not  guarantee  evaluation  of  these  objectives  is  possible. 


Data  Collection  Matrices 

Following  is  a  summary  of  the  matrices  from  which  data  will  be  collected  to  evaluate  the 
SVE  treatability  investigation  objectives.  Table  3-1,  presents  the  SVE  treatability  investiga¬ 
tion  objectives  versus  the  matrices  from  which  .samples  will  be  collected. 
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Soil 


Soil  borings  will  be  installed  and  samples  collected  from  various  locations  in  the  waste  pit. 
and  intermediate  and  deep  alluvial  soils. 

Soil  Gas 

The  14  piezometers  at  Site  S  have  been  installed  throughout  the  vadose  zone  from  13  feet 
bgs  to  96  feet  bgs.  Each  piezometer  contains  a  narrow  screened  zone  (2-1/2  to  3  feet)  and 
will  therefore  provide  soil  gas  concentrations  from  a  narrow  band  of  the  vadose  zone.  Five 
piezometers  are  screened  in  the  waste  pit,  three  in  the  intermediate  alluvium,  and  six  in  the 
deep  alluvium.  A  cross  section  of  the  piezometers  is  presented  in  Section  5,  Figure  5-3. 
Soil  gas  samples  will  be  collected  at  the  riser  stems  of  each  of  the  14  piezometers. 

SVE  Offgas  Extraction  Wells 

Soil  vapor  samples  will  be  collected  from  17  soil  vapor  extraction  wells  at  Site  S.  Seven  of 
these  extraction  wells  are  screened  in  the  waste  pit  (PSP-1  through  PSP-7),  five  in  the  inter¬ 
mediate  alluvial  zone  beneath  the  waste  pit  (PSI-1  through  PSI-5),  and  five  in  the  deep 
alluvial  zone  (PSD-1  through  PSD-5). 

SVE  Offgas  (Extraction  Well  Manifolds  and  Transfer  Piping) 

Soil  vapor  samples  will  be  collected  from  the  manifold  piping  from  each  of  the  three 
contaminant  zones.  One  manifold  will  comprise  soil  vapor  from  all  deep  extraction  wells. 
A  second  manifold  will  comprise  soil  vapor  from  all  intermediate  depth  extraction  wells. 
The  third  manifold  will  comprise  soil  vapor  from  the  waste  pit  extraction  wells. 

The  combined  soil  vapor  from  all  extraction  wells  will  be  sampled  at  the  transfer  piping 
before  entering  the  emissions  control  system. 

Figure  3- 1  presents  a  schematic  of  the  SVE  offgas  sample  locations. 

Emissions  Control 

Samples  will  be  collected  from  the  stack  gases  prior  to  discharge  to  the  atmosphere. 


Data  Collection  Periods 

Sampling  of  the  various  matrices  will  occur  throughout  the  SVE  treatability  investigation. 
To  simplify  the  sampling  and  evaluation  of  the  SVE  treatability  investigation  objectives, 
data  collection  has  been  separated  into  di.screet  sampling  periods.  Table  3-2  presents  the 
SVE  treatability  investigation  objectives  versus  the  sampling  periods  during  which  samples 
will  be  collected. 
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Soil 


Soil  sampling  will  be  performed  at  three  times  during  the  SVE  treatability  investigation. 

Pre-Operation.  Pre-operation  soil  sampling  will  supplement  data  collected  during  the 
Phase  I  site  characterization  and  establish  baseline  conditions  existing  in  the  soil  before 
operation  of  the  SVE  pilot  plant. 

Mid-Operation.  Midway  through  the  SVE  treatability  investigation,  but  following  the 
bioventing  period  (see  below),  the  soil  will  be  sampled  again  to  help  establish  rates  of 
contaminant  removal  for  certain  parameters.  Furthermore,  the  mid-operation  sampling  will 
help  establish  baseline  conditions  existing  before  implementation  of  the  SVE  enhancements. 

Post-Operation.  Following  termination  of  the  SVE  pilot  plant  operation,  post-operation 
soil  samples  will  be  collected  for  comparison  to  pre-operation  and  mid-operation  samples. 

Soil  Gas,  SVE  Offgas,  and  Emissions  Control 


The  SVE  pilot  plant  operation  will  last  approximately  six  months,  excluding  system  moni¬ 
toring  before  startup  and  after  shutdown.  For  the  purpose  of  soil  gas,  SVE  offgas  and 
emissions  control  sampling,  the  treatability  investigation  will  be  separated  into  five  compo¬ 
nents  or  sampling  periods. 


Pre-Operation.  The  pre-operation  period  will  be  used  to  establish  baseline  conditions  prior 
to  startup  of  the  SVE  pilot  plant.  Pre-operation  sampling  will  last  less  than  4  weeks. 


Initial  Testing.  After  the  SVE  pilot  system  has  been  fully  installed  the  SVE  system  will  be 
checked  for  safety  and  operational  effectiveness.  Initial  testing  will  last  approximately 
1  week. 


Startup.  The  system  startup  period  will  be  u.sed  to  optimize  and  fine  tune  each  of  the  SVE 
pilot  plant  components.  System  startup  will  last  approximately  5  weeks. 


Continued  Operation.  The  continued  operation  period  of  the  SVE  treatability  investigation 
comprises  the  remainder  of  the  pilot  plan*  test.  Adjustments  to  the  SVE  pilot  system 
components  will  continue  to  be  made  during  continued  operation  to  optimize  system  per¬ 
formance  and  minimize  the  occurrence  of  dead  zones  in  the  vadose  zone.  Six  to  8  weeks 
into  the  continued  operation  period,  the  SVE  system  will  be  turned  down  to  provide  a  low 
vapor  extraction  rate  (bioventing).  The  low  flows  will  be  maintained  for  a  period  of  4  to 
6  weeks  and  biodegradation  will  be  investigated.  For  the  remainder  of  the  continued  o^>era- 
tion  period,  the  SVE  enhancements  will  be  implemented  with  the  SVE  flow  rate  turned 
back  up.  The  continued  operation  period  will  la.st  approximately  20  weeks. 
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Post-Operation.  Post-operation  sampling  will  be  conducted  to  establish  site  conditions 
following  completion  of  the  SVE  pilot  system  operation.  Post-operation  sampling  will  last 
less  than  4  weeks. 


Sample  Analyses 

Certain  analyses  will  be  performed  on  samples  from  the  sample  matrices  discussed  previ¬ 
ously.  Following  is  a  brief  summary  of  the  analyses  to  be  performed  in  support  of  the  SVE 
treatability  investigation  objectives.  Table  3-3  presents  the  SVE  treatability  investigation 
objectives  versus  the  analytical  methods  to  be  performed. 

Soil 

Physical  Properties.  Certain  soil  samples  will  be  analyzed  for  physical  properties  to 
confirm  lithology  and  identify  physical  characteristics  of  specific  soil  types  found  at  Site  S. 
Twelve  samples  were  analyzed  for  physical  properties  during  the  Phase  I  site  characteriza¬ 
tion.  It  is  assumed  the  physical  properties  of  the  soil  in  the  vadose  zone,  with  the  exception 
of  moisture  content,  will  not  change  during  the  SVE  treatability  investigation,  so  no  mid¬ 
operation  nor  post-operation  samples  will  be  analyzed  for  physical  properties  other  than 
moisture  content. 

Total  Petroleum  Hydrocarbons  (Modified  Method  8015).  Certain  TPH  compounds  may 
be  removed  from  the  soil  by  the  SVE  technology  and  extraction  of  VOCs  may  encourage 
partitioning  of  TPH.  Those  TPH  compounds  remaining  will  be  measured  in  the  soil  by  the 
TPH  method. 

Chemical  Oxygen  Demand  (MOSA  29-3.5.3).  Chemical  oxygen  demand  (COD)  in  soil  is 
primarily  a  measure  of  the  organic  component  of  the  TPH  present  and  is  an  indication  of 
biodegradation  potential.  Some  aromatic  hydrocarbons,  however,  are  not  oxidized  in  the 
COD  test. 

Moisture  Content  (MOSA  21-2.2).  Moisture  content  will  be  measured  to  monitor  the 
suitability  of  the  soil  environment  for  microbial  activity,  and  to  determine  if  SVE  induces 
drying. 

pH  (MOSA  12-2.6).  Soil  pH  will  be  measured  to  determine  if  the  in  situ  pH  is  within  the 
optimal  range  for  microbial  activity. 

Ammonia-Nitrogen  (MOSA  33-3.2,  EPA  350.3),  Nitrate-Nitrogen  (MOSA  33-3.2,  EPA 
300.0),  and  Orthophosphate-Phosphorus  (MOSA  24-5.3,  EPA  300.0).  The  inorganic 
nutrients  nitrogen  and  phosphorous  are  required  for  microbial  growth.  Consequently,  these 
nutrients  will  be  measured  in  soils  to  determine  if  they  are  available  in  sufficient  supply  to 
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support  biodegradation,  and  to  monitor  changes  in  nutrient  levels  over  time.  The  MOSA 
methods  are  used  to  extract  soil  samples,  and  the  EPA  methods  are  used  for  extract 
analysis. 

Total  Organic  Carbon  (EPA  415.1).  Total  organic  carbon  (TOC)  data  provide  information 
regarding  how  strongly  contaminants  adsorb  to  the  soil  particles.  Eight  samples  were 
analyzed  for  TOC  during  the  Phase  I  site  characterization  investigation.  No  further  TOC 
analyses  will  be  performed. 

Microbiological  Assay  (DNAB).  The  population  of  microorganisms  in  the  soil  is  impacted 
by  the  quantity  of  organic  matter  in  the  soil,  oxygen  in  the  soil  pores,  temperature,  and 
various  other  factors.  A  microbiological  assay  in  the  soil  provides  a  direct  measure  of 
biological  activity. 

Soil  Gas  and  SVE  Offgas 

Volatile  Organic  Compounds  (Onsite  GC).  The  onsite  GC  will  provide  a  rapid  and  inex¬ 
pensive  means  to  quantify  17  targeted  VOCs. 

Volatile  Organic  Compounds  (TO-14).  Method  TO- 14  provides  quantification  of 
41  VOCs  compared  to  17  VOCs  with  the  onsite  GC.  Furthermore,  Method  TO-14  uses 
mass  spectroscopy  and  therefore  provides  a  more  positive  identification  of  contaminants.  It 
will  be  used  to  provide  supplementary  information  and  as  a  quality  control  check  of  the 
onsite  GC  results.  Each  TO-14  sample  will  be  collected  as  a  duplicate  to  an  onsite  GC 
sample  at  a  frequency  of  one  TO-14  for  every  20  onsite  GC  analyses  performed  per  matrix 
for  duration  of  the  project. 

Total  Nonmethane  Hydrocarbons  (TO-12).  The  onsite  GC  method  uses  PID  and  ECD 
detectors  to  speciate  17  VOCs.  These  detectors  cannot  reliably  quantify  total  nonmethane 
hydrocarbons;  therefore,  an  offsite  analysis  method  to  quantify  total  nonmethane  hydrocar¬ 
bons  is  required. 

Oxygen,  Carbon  Dioxide,  and  Methane  (O2/CO2  Meter,  CH4  Meter).  These  gases  will 
be  measured  in  soil  gas  samples  collected  from  piezometers  to  determine  aeration  status  and 
measure  O2  uptake  and  COj  production  rates.  A  number  of  the  commercially  available 
meters  will  be  evaluated  to  select  the  appropriate  models  to  meet  project  needs. 

Relative  Humidity  (RH  Meter).  The  relative  humidity  of  soil  gas  samples  collected  from 
piezometers  will  be  measured  to  evaluate  moisture  levels  and  drying  during  the  treatability 
investigation. 

Emissions  Control 

Emissions  control  samples  will  be  analyzed  for  VOCs  by  onsite  GC  and  Method  TO- 14, 
and  for  total  nonmethane  hydrocarbons  by  Method  TO-12.  The.se  analyses  have  been 
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summarized  previously.  Emissions  control  samples  will  also  be  analyzed  for  hydrochloric 
acid  and  dioxins.  For  control  of  the  emission  control  system,  transfer  piping  offgas  will  be 
monitored  for  oxygen  and  carbon  dioxide. 

Carbon  Dioxide  and  Oxygen  (In-Line  Probe).  Monitoring  oxygen  and  carbon  dioxide 
concentrations  in  the  offgas  transfer  piping  will  provide  infonnation  to  aid  in  control  of  the 
emission  control  process. 

Hydrochloric  Acid  (Method  26).  Chlorinated  hydrocarbons  wiU  be  converted  to  carbon 
dioxide,  water  vapor,  and  hydrochloric  acid  (HCL)  gas  in  the  emission  controls  system. 
Measurement  of  HCL  is  required  to  ensure  compliance  with  discharge  standards. 

Dioxins  (Method  23).  Trace  levels  of  dioxin  congeners  have  been  reported  from  thermal 
incinerators  in  the  past.  Although  the  emission  controls  system  operates  at  a  much  lower 
temperature  than  thermal  incinerators,  the  possibility  still  exists  dioxin  congeners  could  be 
generated  at  low  levels  during  oxidation. 
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Objective  (1):  Quantify  the  Mass  of  Contaminants  Removed  During 
Operation  of  the  Pilot-Scale  System 

1.1  Data  Needs 

To  quantify  the  mass  of  volatile  organic  contaminants  removed  during  the  operation  of  the 
pilot-scale  system,  the  following  data  are  needed: 

•  Flow  rate  of  extracted  soil  vapor 

•  Contaminant  concentrations  in  the  extracted  soil  vapor 

•  Time  of  operation  and  time  between  sampling  events 

1.2  Data  Acquisition 

It  is  expected  the  SVE  pilot  system  will  continue  to  withdraw  contaminants  from  the  vadose 
zone  throughout  the  SVE  treatability  investigation.  The  mass  of  volatile  contaminants 
removed  can  best  be  determined  by  monitoring  the  VOC  and  total  nonmethane  hydrocarbon 
concentrations  in  the  SVE  offgas  and  recording  the  vapor  extraction  rates.  SVE  offgas 
samples  will  be  monitored  throughout  the  initial  testing,  startup,  and  continued  operation 
periods  of  the  treatability  investigation.  Samples  will  be  collected  at  the  extraction  wells  to 
estimate  removal  rates  from  various  depths  and  locations  around  the  site. 

Samples  will  also  be  collected  from  the  three  extraction  well  manifolds  to  determine  con¬ 
taminant  removal  rates  from  the  waste  pit,  intermediate,  and  deep  alluvial  zones.  Samples 
of  the  combined  offgas  from  the  transfer  piping  will  provide  an  overall  quantification  of 
contaminant  removal. 

Flow  rates  of  the  SVE  offgas  will  be  measured  during  .sampling  events  at  the  individual 
well  heads,  the  manifold  system,  and  the  transfer  piping. 

7.2./  SVE  Offgas  (Vapor  Extraction  Wells) 

The  extraction  wells  will  be  sampled  for  VOCs  and  total  nonmethane  hydrocarbons  during 
the  initial  testing,  startup,  and  continued  operation  period.s. 

1.2.1. 1  Targeted  VOCs  (Onsite  GC).  Each  of  the  17  vapor  extraction  wells  will  be 
sampled  once  a  week  during  the  initial  testing  and  startup  periods.  After  6  weeks  of  opera¬ 
tion  it  is  estimated  that  the  SVE  wells  will  be  analyzed  once  every  2  weeks  and  after 
14  weeks  the  fi'equency  is  assumed  to  drop  to  once  every  3  weeks.  The  rational  for 
reducing  the  sampling  frequency  is  based  on  the  assumption  that  SVE  offgas  concentrations 
will  decrease  sharply  over  the  fir.st  3  to  4  months.  This  assumes  that  less  samples  will  be 
required  to  estimate  the  reduction  of  contaminants  from  each  extraction  well.  If  contami¬ 
nant  concentrations  do  not  decrea.se  as  expected,  .samples  will  continue  to  be  analyzed  once 
every  2  weeks. 
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1.2.1.2  Offsite  VOCs  (TO-14).  To  provide  QC  checks,  TO- 14  analyses  will  be  performed 
at  a  rate  of  1  for  every  20  onsite  GC  analyses  performed  over  the  duration  of  the  investiga¬ 
tion.  Each  TO-14  sample  will  be  collected  in  duplicate  with  an  onsite  GC  targeted  VOC 
sample. 

Samples  will  be  analyzed  during  initial  testing  when  the  VOC  concentrations  are  expected 
to  be  highest,  during  startup,  and  several  times  during  continued  operations  to  confirm  the 
expected  decline  in  contaminant  concentrations.  Samples  representative  of  the  waste  pit  and 
intermediate  and  deep  alluvial  deposits  should  be  collected  to  provide  information  concern¬ 
ing  contaminant  levels  at  various  depths.  However,  in  general,  more  samples  will  be 
analyzed  in  the  waste  pit  zone  and  intermediate  zone  than  the  deep  zone  because  of  the 
heavy  concentration  of  contaminants  there. 

1.2.1.3  Total  Nonmethane  Hydrocarbons  (TO-12).  It  is  estimated  one  sample  from  each 
extraction  well  during  initial  testing  and  one  sample  from  each  extraction  well  every 
4  weeks  thereafter  will  be  sufficient  to  quantify  the  mass  of  contaminants  removed  from 
each  extraction  well. 

1.2.2  SVE  Offgas  (Extraction  Well  Manifolds  and  Transfer  Piping) 

The  extraction  well  manifolds  and  transfer  piping  will  be  sampled  for  VOCs  and  total  non¬ 
methane  hydrocarbons  during  the  initial  testing  period,  startup  period,  and  continued 
operation. 

1.2.2.1  Targeted  VOCs  (Onsite  GC).  Each  of  the  three  vapor  extraction  well  manifolds 
and  the  transfer  piping  will  be  sampled  more  frequently  during  the  first  3  to  4  months. 
Over  the  duration  of  the  project,  the  total  number  of  samples  is  planned  to  average  one 
sample  per  week  from  each  manifold  and  the  transfer  piping. 

1.2.2.2  Offsite  VOCs  (TO-14).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2. 

1.2.2.3  Total  Nonmethane  Hydrocarbons  (TO-12).  An  average  of  one  sample  from  each 
manifold  and  the  transfer  piping  every  2  weeks  will  be  sufficient  to  quantify  the  total  non¬ 
methane  hydrocarbons  removed  from  each  contaminant  zone. 

1.3  Data  Analysis  and  Interpretation 

Following  is  a  brief  summary  of  the  methods  to  be  used  for  data  analysis  and  interpretation 
of  the  SVE  offgas. 

Contaminant  removal  rates  will  be  determined  by  multiplying  the  measured  concentrations 
of  each  contaminant  by  the  volumetric  flow  rate.  The  removal  rates  (pounds/hour)  will  be 
plotted  with  respect  to  operational  time  of  the  pilot  system.  The  removed  mass  of  selectf’d 
VOCs  will  be  calculated  from  the  area  under  the  respective  curve. 
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As  with  the  individual  VOC  analyses,  total  nonmethane  hydrocarbon  removal  rate  will  be 
plotted  with  respect  to  operation  time,  and  the  mass  removed  calculated  from  the  area  under 
the  curve. 

Measuring  the  vapor  concentrations  in  the  extracted  vapors  gives  an  idea  of  the  effective¬ 
ness  of  the  system;  however,  a  decrease  in  vapor  concentrations  is  not  necessarily  strong 
evidence  that  soil  concentrations  have  decreased.  Decreases  in  vapor  concentrations  can 
also  be  attributed  to  other  phenomena,  such  as  water  table  upwelling,  increased  mass 
transfer  resistance  due  to  drying,  diffusion-limited  mass  transfer  flow  from  dead  zones,  or 
leaks  in  the  extraction  system  ("short-circuiting")  (Johnson  et  al.,  1989).  Monitoring  of  the 
extraction  well  vapor  composition  as  well  as  the  concentration  gives  more  insight  into  the 
effectiveness  of  the  system.  If  the  total  vapor  concentration  decreases  without  a  change  in 
composition,  then  it  is  most  likely  due  to  one  of  the  phenomena  listed  above.  If  the 
decrease  in  concentration  is  accompanied  by  a  shift  in  composition  to  less  volatile  com¬ 
pounds,  then  it  is  most  likely  due  to  a  change  in  the  residual  contaminant  concentration. 
DePaoli  et  al.,  (1989)  has  shown  how  the  composition  of  the  extracted  soil  gas  changed 
over  the  course  of  system  operation.  As  the  total  volume  of  gas  extracted  increased,  the 
fraction  of  lighter-end  components  decreased  while  the  fraction  of  heavier  components 
increased  markedly.  Lighter,  more  volatile  constituents  (such  as  butane  and  propane)  are 
removed  first.  As  more  vapor  is  removed,  the  heavier,  less  volatile  constituents  predomi¬ 
nate  due  to  the  absence  of  the  light  fraction. 

The  SVE  offgas  from  the  transfer  piping  will  be  sampled  at  a  higher  frequency  during  the 
fu'st  3  to  4  months  in  order  to  provide  an  accurate  estimate  of  the  total  VOC  extraction 
rate.  Several  researchers  have  shown  that  the  rate  of  VOC  extraction  is  high  initially,  but 
decreases  with  time.  This  decrease  may  signal  the  transfer  to  a  diffusion  limited  system.  In 
other  words,  the  saturated  vapors  present  in  the  soil  at  system  startup  are  quickly  removed. 
Removal  of  contaminants  thereafter  may  be  diffusion-limited.  Since  diffusion  rates  are 
slower  than  advection,  removal  rates  drop  with  tin’e  of  continuous  operation. 

There  is  a  possibility,  however,  that  air  entering  Site  S  will  not  decrease  sharply  in  concen¬ 
tration  if  there  is  a  significant  mass  of  contamination  in  the  surrounding  waste  sites.  Air 
flowing  to  Site  S  will  pass  through  these  sites  before  reaching  Site  S.  Some  contaminants 
will  be  transferred  from  these  other  sites  to  the  vapor  stream  extracted  by  the  Site  S  SVE 
system.  Air  entering  Site  S  could  remain  at  concentrations  greater  than  approximately 
1,250  ppm  and  volatilization  of  contaminants  from  Site  S  could  plateau.  This  could  result 
in  residual  concentrations  in  excess  of  preliminary  remediation  goals  after  the  proposed 
operating  period.  If  residual  concentrations  remain  high,  then  the  effect  and  success  of  the 
SVE  treatability  investigation  will  be  measured  more  in  terms  of  total  mass  of  VOCs 
removed  during  the  test.  Contingency  measures  will  be  developed  to  further  reduce  zones 
of  high  residual  contamination.  These  measures  could  include  extending  the  period  of 
operation,  or  installing  additional  extraction  and  injection  wells  in  other  sites  surrounding 
Site  S. 
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Objective  (2):  Evaluate  the  Reduction  of  Specific  Contaminants 
in  the  Waste  Pit  and  Alluvial  Deposits 

2.1  Data  Needs 

To  evaluate  the  reduction  of  specific  contaminants,  the  following  data  are  needed; 

•  Physical  properties  for  the  vadose  zone  and  pit  materials 

•  Contaminant  concentrations  in  the  extracted  soil  vapor 

•  TPH  concentrations  in  the  soil  samples 

2.2  Data  Acquisition 

To  evaluate  the  reduction  of  specific  contaminants  in  the  waste  pit  and  alluvial  deposits, 
soil  gas,  SVE  offgas  at  the  extraction  wells  and  extraction  well  manifolds,  and  the  soil  will 
be  sampled. 

Soil  gas  samples  will  be  collected  and  analyzed  throughout  the  five  periods  of  the  SVE 
treatability  investigation.  SVE  offgas  samples  will  be  monitored  throughout  the  initial 
testing,  startup,  and  continued  operation  periods  of  the  treatability  investigation.  Samples 
will  be  collected  at  the  extraction  wells  to  estimate  the  reduction  of  contaminants  at  various 
depths  and  locations  around  the  site.  Samples  will  also  be  collected  from  the  three  extrac¬ 
tion  well  manifolds  to  determine  the  reduction  of  contaminants  in  the  waste  pit,  intermedi¬ 
ate,  and  deep  alluvial  zones. 

Soil  samples  will  be  collected  from  various  locations  within  the  vadose  zone  during  the  pre¬ 
operation,  and  post-operation  sampling  periods. 

2.2.1  Soil  Gas 

Soil  gas  samples  will  be  analyzed  for  VOCs  and  total  nonmethane  hydrocarbons. 

2.2.1. 1  Targeted  VOCs  (Onsite  GC).  Each  of  the  14  piezometers  will  be  sampled  once 
prior  to  initial  testing  of  the  SVE  system.  This  will  provide  baseline  data  of  initial  soil  gas 
concentrations  from  each  of  the  targeted  zones  in  the  waste  pit,  intermediate  alluvial,  and 
deep  alluvial  zones.  During  initial  testing  and  startup  (6  weeks  total),  one  sample  will  be 
collected  from  each  piezometer  every  2  weeks.  During  continued  SVE  operation,  piezom¬ 
eters  will  be  sampled  approximately  once  every  3  weeks  to  provide  data  on  percent 
reduction  of  contaminants  and  to  modify  SVE  system  flows  and  vacuums  to  minimize  the 
occurrence  of  "dead  zones.”  After  SVE  operation  has  been  discontinued,  the  piezometers 
will  be  sampled  approximately  twice  to  estimate  the  overall  percent  reduction  of 
contaminants  in  the  soil  gas  from  each  piezometer. 
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2.2.1.2  Offsite  V’^Cs  (TO-14).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2.  In  aduuion,  samples  will  be  analyzed  during  pre-operation  to  assess  baseline 
contaminant  concentrations. 

2.2.1.3  Total  Nonmethane  Hydrocarbons  (TO- 12).  It  is  estimated  that  one  sample  from 
each  piezometer  prior  to  startup  and  one  sample  every  4  weeks  thereafter  will  be  sufficient 
to  evaluate  the  percent  reduction  of  total  nonmethane  hydrocarbons  in  the  soil  gas. 

2.2.2  SVE  Offgas  (Vapor  Extraction  Wells) 

Extraction  well  offgas  will  be  analyzed  for  VOCs  and  total  nonmethane  hydrocarbons. 

2.2.2.1  Targeted  VOCs  (Onsite  GC).  Data  acquisition  for  VOCs  is  the  same  as  presented 
in  Part  1.2.1. 1. 

2.2.2.2  Offsite  VOCs  (TO-14).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2. 

2.2.2.3  Total  Nonmethane  Hydrocarbons  (TO-12).  Data  acquisition  for  total  nonmethane 
hydrocarbons  is  the  same  as  presented  in  Part  1.2. 1.3. 

2.2.3  SVE  Offgas  (Extraction  Well  Manifolds) 

Extraction  well  manifolds  will  be  monitored  for  VOCs  and  total  nonmethane  hydrocarbons. 

2.2.3. 1  Targeted  VOCs  (Onsite  GC).  Data  acquisition  for  VOCs  is  the  .same  as  presented 
in  Part  1.2.2. 1. 

2.2.3.2  Offsite  VOCs  (TO-14).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2. 

2.2.3.3  Total  Nonmethane  Hydrocarbons  (TO-12).  Data  acquisition  for  nonmethane 
hydrocarbons  is  the  same  as  presented  in  Part  1. 2.2.3. 

2.2.4  Soil 

The  soil  at  Site  S  will  be  sampled  for  physical  properties  and  TPH  in  the  waste  pit  and 
intermediate  alluvium  during  the  pre-operation  period.  Sufficient  deep  alluvium  data  have 
been  collected  during  the  Phase  I  site  characterization.  Samples  from  all  three  zones  will 
be  analyzed  for  TPH  during  the  post-operation  soil  inve.stigation. 

2.2.4. 1  Physical  Properties.  Ten  pre-operation  soil  samples  will  be  analyzed  for  physical 
properties  in  the  waste  pit  and  intermediate  alluvium.  Half  the  samples  will  be  collected  in 
the  waste  pit  and  half  in  the  intermediate  alluvial  zone. 
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2.2A.2  Total  Petroleum  Hydrocarbons  (Modified  Method  8015).  Twenty  samples  will 
be  analyzed  for  TPH  during  the  pre-operation  and  31  samples  during  the  post-operation  soil 
investigation. 

2.3  Data  Analysis  and  Interpretation 

Following  is  a  brief  summary  of  the  methods  to  be  used  for  data  analysis  and  interpretation 
of  the  soil  gas,  SVE  offgas  and  soil  analytical  data 

23.1  Soil  Gas 

The  percent  reduction  for  various  target  analytes  will  be  calculated  in  a  manner  similar  to 
that  for  the  SVE  offgas  samples  as  presented  below.  In  addition  to  calculating  overall  per¬ 
cent  reduction  in  contaminants,  the  soil  gas  data  will  be  used  to  assess  the  operational 
aspects  of  the  pilot  study  (i.e.,  identification  of  "dead"  zones)  as  discussed  in  Section  5. 

2.3.2  SVE  Offgas 

The  reduction  of  the  target  analytes  in  each  subsurface  zone  will  be  determined  by 
comparing  the  measured  concentrations  at  various  times  during  the  project  such  as  initial 
system  startup,  startup  of  hot  air  injection,  and  completion  of  SVE  operation. 

2.33  Soil 

Soil  samples  will  be  collected  from  pre-operation  and  post-operation  soil  borings  and 
analyzed  for  TPH.  Average  contaminant  masses  will  be  determined  for  each  period  by 
multiplying  the  average  measured  concentration  by  the  volume  of  contaminated  soil  and  the 
average  density  of  the  soil.  The  product  of  these  quantities  equals  the  mass  of  contaminants 
present  at  each  sampling  period.  The  difference  between  the  calculated  masses  gives  an 
indication  of  the  mass  of  TPH  removed. 

Alternatively,  consideration  will  be  given  to  determining  contaminant  mass  by  dividing  the 
site  test  area  into  subareas  corresponding  to  the  spatial  locations  of  the  soil  borings.  Simi¬ 
larly,  the  vertical  influence  distance  for  each  sample  would  be  determined  by  adding  half 
the  distance  to  the  overlying  sample  and  half  the  distance  to  the  underlying  sample.  The 
"contributing"  soil  volume  for  each  sample  is  determined  by  multiplying  this  distance  by  the 
corresponding  surface  subarea  for  each  boring.  Multiplying  this  volume  by  the  soil  density 
and  the  measured  contaminant  concentration  results  in  a  more  detailed  estimate  of  the  con¬ 
taminant  mass.  Comparison  of  the  calculated  masses  for  each  sampling  event  gives  a 
measure  of  mass  of  TPH  removed. 

Because  of  the  inherent  heterogeneity  of  the  subsurface  materials  and  the  previously  demon¬ 
strated  variability  in  contaminant  concentrations  measured  in  the  Phase  I  soil  borings,  it  is 
possible  that  meaningful  comparisons  based  on  soil  analyses  may  not  be  achievable.  How¬ 
ever,  an  attempt  will  be  made  to  correlate  the  data. 
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Objective  (3):  Evaluate  the  Benefits  of  Hot  Air  Injection 
As  an  Enhancement  to  SVE  in  the  Waste  Pit 


SVE  systems  physically  remove  contaminants  from  the  vadose  zone.  Enhancement  of  SVE 
by  hot  air  injection  should  increase  the  physical  removal  of  organic  contaminants  by 
increasing  their  vapor  pressures.  The  effects  of  hot  air  injection  on  contaminant  biodegrada¬ 
tion  may  initially  include  increased  biodegradation  rates  due  to  elevated  temperatures. 
However,  in  the  long  run,  this  positive  effect  on  biodegradation  will  likely  be  offset  by 
negative  impacts  resulting  from  die-off  of  microorganisms  in  the  immediate  vicinity  of  the 
injection  wells  because  of  extremely  high  temperatures,  microbial  species  shifts  as  tempera¬ 
tures  increase  farther  from  the  injection  wells,  and  depletion  of  soil  moisture  levels  because 
of  increased  evaporation  rates.  SVE  enhancements  will  be  performed  only  in  the  waste  pit 
because  this  area  contains  the  greatest  amount  of  contamination.  Some  consequential 
removal  of  contaminants  from  the  upper  intermediate  alluvial  zone  may  occur  as  a  result  of 
the  hot  air  injection  system. 

3.1  Data  Needs 

To  quantify  the  benefits  of  hot  air  injection  as  an  enhancement  to  SVE  in  the  waste  pit,  the 
following  data  are  needed: 

•  In  situ  oxygen  uptake  and  carbon  dioxide  production 

•  Contaminant  concentrations  in  the  soil  gas  and  SVE  offgas 

•  Soil  gas  oxygen  and  carbon  dioxide  concentrations 

•  Soil  gas  temperature  and  relative  humidity 

•  SVE  offgas  oxygen  and  carbon  dioxide  concentrations 

•  Soil  TPH  and  COD 

•  Soil  nutrients  (nitrogen  and  pho.sphorus),  moisture  content,  pH,  and 
temperature 

•  Microbiological  counts  in  the  .soil 

3.2  Data  Acquisition 

The  effectiveness  of  SVE  enhancements  by  physical  means  can  be  determined  by  monitor¬ 
ing  the  contaminant  concentrations  in  the  .soil  gas  and  SVE  offgas  in  conjunction  with  the 
temperature  changes  in  the  soil  mass.  The  impact  of  the  SVE  enhancements  on  biological 
degradation  rates  can  be  evaluated  by  monitoring  the  soil  gas  and  SVE  offgas  for  oxygen 
and  carbon  dioxide  concentrations  and  asses.sing  biological  respiration  rates,  and  by 
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performing  biological  assays  on  soil  samples.  Also,  to  determine  whether  other  factors  are 
limiting  the  biological  degradation  of  contaminants,  nutrient,  moisture,  and  pH  analyses  will 
be  conducted  on  soil  samples. 

Soil  gas  samples  will  be  collected  during  the  pre-operation,  continued  operation,  and  post¬ 
operation  periods.  SVE  offgas  samples  will  be  collected  throughout  the  pilot  plant  opera¬ 
tion.  These  data  will  provide  a  means  of  comparing  SVE  performance  (physical  removal) 
with  and  without  SVE  enhancements.  The  oxygen,  carbon  dioxide,  and  OUR  data  will 
provide  a  means  of  comparing  biological  degradation  with  and  without  SVE  enhancements. 

Soil  samples  will  be  collected  during  the  pre-operation,  mid-operation,  and  post-operation 
sampling  periods.  Samples  will  be  analyzed  for  TPH,  COD,  nutrients,  moisture,  and  pH. 
Microbiological  assays  will  also  be  performed.  Soil  temperature  changes  will  be  determined 
by  thermocouples  placed  at  various  locations  and  depths  in  the  waste  pit  and  intermediate 
alluvial  zone. 

3.2.1  Soil  Gas 

Soil  gas  will  be  analyzed  for  VOCs,  total  nonmethane  hydrocarbons,  oxygen,  and  carbon 
dioxide. 


3.2.1.1  Targeted  VOCs  (Onsite  GC).  The  eight  waste  pit  or  intermediate  zone  piezom¬ 
eters  will  be  sampled  approximately  once  during  pre-operation  and  once  every  3  weeks 
during  initial  testing,  startup,  and  continued  operation  to  provide  data  on  SVE  enhancements 
and  biodegradation.  After  the  hot  air  injection  system  is  started  up,  the  soil  gas  samples 
will  also  provide  data  on  changes  in  VOC  concentrations  in  the  waste  pit  and  the  intermedi¬ 
ate  zone  to  evaluate  the  benefits  of  the  hot  air  injection  system.  After  the  hot  air  injection 
system  has  been  shut  down,  the  8  pit  and  intermediate  piezometers  will  be  sampled  twice  to 
allow  evaluation  of  the  impact  of  the  hot  air  injection  system  on  enhanced  VOC  removal. 

3.2.1.2  Offsite  VOCs  (TO-I4).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2  with  the  exception  that  samples  will  also  be  analyzed  during  pre-operation  to 
assess  baseline  conditions.  Samples  will  only  be  collected  from  the  waste  pit  and  interme¬ 
diate  alluvium  piezometers. 

3.2.1.3  Total  Nonmethane  Hydrocarbons  (TO-12).  Prior  to  startup  of  the  hot  air 
injection  system  and  during  the  continued  operation  period,  total  nonmethane  hydrocarbon 
samples  will  be  collected  from  each  of  the  eight  waste  pit  or  intermediate  alluvial  zone 
piezometers.  This  will  provide  a  baseline  concentration  of  total  nonmethane  hydrocarbons. 
During  pre-operation,  one  round  of  sampling  will  be  conducted.  During  operation  of  the 
hot  air  injection  system,  total  nonmethane  hydrocarbon  samples  will  be  obtained  approxi¬ 
mately  every  4  weeks  to  evaluate  the  effectiveness  of  the  hot  air  injection  system  for 
enhanced  hydrocarbon  removal  and  to  assist  in  evaluating  the  degree  of  biodegradation. 
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3.2.1.4  Carbon  Dioxide  and  Oxygen  (Meter).  CO2  and  Oj  analyses  and  OUR  tests  will 
be  conducted  once  every  3  weeks  during  operation  of  SVE  with  enhancements. 


3.2.1.5  Temperature  and  Relative  Humidity  (Meters).  Temperature  and  relative  humid¬ 
ity  will  be  monitored  once  for  each  OUR  test  conducted. 

3.2.2  SVE  Offgas  (Vapor  Extraction  Wells) 

Extraction  wells  will  be  sampled  for  VOCs  and  total  nonmethane  hydrocarbons. 


3.2.2.1  Targeted  VOCs  (Onsite  GC).  The  12  waste  pit  and  intermediate  zone  SVE  wells 
will  be  sampled  approximately  once  a  week  during  the  initial  testing  and  startup  phase  of 
operation.  After  6  weeks  of  operation  it  is  planned  that  the  SVE  wells  will  be  analyzed 
every  2  weeks  and  after  14  weeks  the  frequency  is  assumed  to  drop  to  once  every  3  weeks. 
During  the  first  two  weeks  of  operation  of  the  hot  air  injection  system,  waste  pit  SVE  wells 
will  be  sampled  twice  per  week.  After  2  weeks  of  operation  it  is  planned  that  the  frequency 
will  be  reduced  to  once  per  week  and  after  6  weeks  the  frequency  will  drop  back  to  once 
every  2  weeks.  This  sampling  frequency  is  estimated  to  be  adequate  to  evaluate  the  bene¬ 
fits  of  the  hot  air  injection  system  on  enhanced  removal  of  VOCs  from  the  waste  pit. 


3.2.2.2  Offsite  VOCs  (TO-14).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2.  However,  samples  will  be  collected  predominately  from  the  waste  pit  since  the 
intermediate  alluvial  zone  will  be  marginally  impacted,  and  the  alluvial  zone  will  not  be 
impacted  by  hot  air  injection. 


3.2.2.3  Total  Nonmethane  Hydrocarbons  (TO-12).  Data  acquisition  for  total  nonmethane 
hydrocarbons  is  the  same  as  presented  in  Part  1.2. 1.3.  However,  only  the  waste  pit  and 
intermediate  alluvium  wells  will  be  sampled. 


3.2.3  SVE  Offgas  (Extraction  Well  Manifolds) 

Extraction  well  manifolds  will  be  sampled  for  VOCs,  total  nonmethane  hydrocarbons, 
carbon  dioxide,  and  oxygen. 

3.2.3. 1  Targeted  VOCs  (Onsite  GC).  The  combined  offgas  from  each  of  the  waste  pit 
and  intermediate  alluvial  zone  manifolds  will  be  sampled  an  average  of  approximately  three 
times  every  2  weeks.  Sampling  will  increase  to  twice  per  week  for  the  first  4  to  6  weeks  of 
operation  of  the  hot  air  injection  system. 

3.2.3.2  Offsite  VOCs  (TO-14).  Data  acqui.sition  for  VOCs  is  the  same  as  presented  in 
Part  3.2.2.2. 


3.2.3.3  Total  Hydrocarbons  (TO-12).  Prior  to  startup  of  the  hot  air  injection  system,  total 
nonmethane  hydrocarbon  samples  will  be  collected  twice  from  the  waste  pit  and  intermedi¬ 
ate  alluvium  manifolds.  This  will  provide  a  baseline  concentration  of  total  nonmethane 
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hydrocarbons.  During  operation  of  the  hot  air  injection  system,  total  nonmethane  hydrocar¬ 
bon  samples  will  be  obtained  approximately  once  every  2  weeks  to  evaluate  the  effective¬ 
ness  of  the  hot  air  injection  system  for  enhanced  hydrocarbon  removal  and  to  assist  in 
evaluating  the  degree  of  biodegradation. 

3.23.4  Oxygen  and  Carbon  Dioxide  (Meter).  O,  and  CO2  will  be  monitored  once  every 
2  weeks  in  the  waste  pit  and  intermediate  alluvium  extraction  well  manifolds. 

3.2.4  Soil 

Soil  samples  will  be  collected  in  the  waste  pit  and  intermediate  alluvium  during  the  pre¬ 
operation,  mid-operation,  and  post-operation  soil  investigations.  Soil  samples  will  be 
analyzed  for  TPH,  COD,  moisture,  pH,  and  nutrients.  Microbiological  assays  will  also  be 
performed  in  support  of  this  objective. 

3.2.4. 1  Moisture  Content  (MOSA  21-2.2).  Approximately  20  samples  will  be  collected 
and  analyzed  during  each  of  the  three  soil  investigation  periods.  Most  samples  will  be 
collected  from  the  waste  pit  because  this  area  contains  the  heaviest  contamination  and  is 
likely  to  support  the  greatest  biological  activity.  Furthermore,  this  is  the  area  targeted  by 
hot  air  injection. 

3.2.4.2  Microbiological  Assay  (DNAB).  Twenty  samples  will  be  collected  during  each  of 
the  three  soil  investigations  (12  in  the  pit,  8  in  the  intermediate  zone)  to  provide  a  cross- 
section  of  biological  populations  in  the  waste  pit  and  intermediate  alluvium. 

3.2.43  pH  (MOSA  12-2.6).  Data  acquisition  for  pH  is  the  same  as  presented  in 
Part  3.2.4. 1. 

3.2.4.4  Ammonia  Nitrogen  (MOSA  33-3.2,  EPA  350.3),  Nitrate  Nitrogen  (MOSA  33- 
3.2,  EPA  300.0),  Ortho-Phosphorus  (MOSA  24-5.3,  EPA  300.0).  Data  acquisition  is  the 
same  as  presented  in  Part  3.2.4. 1. 

3.2.4.5  Total  Petroleum  Hydrocarbons  (Modifled  Method  8015).  Data  acquisition  is  the 
same  as  presented  in  Part  3.2.4. 1. 

3.2.4.6  Chemical  Oxygen  Demand  (MOSA  29-3.5.3).  Data  acquisition  is  the  same  as 
presented  in  Part  3.2.4. 1. 

3.3  Data  Analysis  and  Interpretation 

Following  is  a  brief  summary  of  the  methods  to  be  used  for  data  analysis  and  interpretation 
of  soil  gas,  SVE  offgas,  and  .soil  analytical  data. 
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3.3.1  Soil  Gas 


Contaminant  concentrations  will  be  determined  and  analyzed  in  a  manner  similar  to  that 
discussed  in  Part  3.3.2.  Oxygen  uptake  rates  will  be  determined  as  presented  in  Part  5.3.1. 

3.3.2  SVE  Offgas 

Contaminant  concentrations  and  removal  rates  during  hot  air  injection  will  be  compared 
with  those  determined  Just  prior  to  initiation  of  hot  air  injection.  The  change  in  concentra¬ 
tions  and  removal  rate  (if  any)  will  be  indicative  of  the  increased  volatilization  caused  by 
hot  air  injection. 

Interpretation  of  SVE  offgas  data  for  O,  and  CO^  in  the  manifolds  is  the  same  as  that 
presented  in  Part  5.3.2. 

3.3.3  Soil 

Interpretation  of  COD,  TPH,  nutrient,  moisture,  and  pH  data  is  the  same  as  that  presented  in 
Part  5.3.3. 

The  microbiological  assays  will  be  performed  to  determine  if  significant  changes  in  micro¬ 
bial  numbers/biomass  occur  during  the  study.  During  hot  air  enhancement  of  SVE,  the 
viable  biomass  may  increase,  decrease,  or  remain  unchanged,  as  a  result  of  spatial  variations 
in  temperature  increases.  Nevertheless,  because  of  the  imprecision  associated  with  quantifi¬ 
cation  of  soil  microorganisms,  statistically  significant  changes  between  sampling  events  may 
not  be  discernible. 
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Objective  (4):  Evaluate  Vadose  Zone  Transport  Processes  to  Identify 
Major  Mechanisms  Controlling  Contaminant  Migration  and 
Document  The  Reasons  for  Discounting  Other  Migration  Mechanisms 


4.1  Data  Needs 

To  evaluate  the  vadose  zone  transport  processes,  the  following  data  are  needed; 

•  Physical  properties  of  vadose  zone  soils 

•  Contaminant  types  and  concentrations 

4.2  Data  Acquisition 

Soil  and  soil  gas  sampling  in  support  of  the  vadose  zone  transport  evaluation  will  be 
conducted  only  before  and  after  operation  of  the  SVE  pilot  plant. 

VOCs  in  the  soil  gas  (piezometers)  will  be  measured  before  and  after  operation  of  the  SVE 
pilot  investigation  to  approximate  the  degree  of  diffusion  of  contaminants  radially  and  verti¬ 
cally  from  Site  S. 

4.2.1  Soil  Gas 

The  soil  gas  from  each  of  the  14  piezometers  will  be  monitored  for  VOCs. 

4.2.1. 1  Targeted  VOCs  (Onsite  GC).  Data  acquisition  for  VOCs  is  the  same  as  presented 
in  Part  2. 2. 1.1.  However,  only  samples  taken  during  pre-operation  and  post-operation  will 
be  used  to  evaluate  this  objective. 

4.2.1.2  Offsite  VOCs  (TO-I4).  TO-14  analyses  will  be  performed  at  a  rate  of  1  for  every 
20  onsite  GC  analyses  performed  over  the  duration  of  the  investigation.  Each  TO-14 
sample  will  be  collected  in  duplicate  with  an  onsite  GC  sample.  Samples  will  be  collected 
during  pre-operation  as  a  baseline  measure  of  contamination.  No  post-operation  samples 
will  be  analyzed  for  VOCs  by  TO-14. 

4.2.2  Soil 

Samples  will  be  collected  and  analyzed  for  physical  properties  only  during  installation  of 
pre-operation  borings.  Samples  will  be  analyzed  for  TPH  both  before  and  after  operation  of 
the  SVE  pilot  system.  Total  organic  carbon  samples  will  only  be  collected  from  the  post¬ 
operation  borings.  Physical  properties,  TOC,  and  TPH  data  from  the  Pha.se  1  inve.stigation 
will  also  be  u.sed  in  the  evaluation. 

4.2.2. 1  Physical  Properties.  Data  acquisition  for  physical  properties  is  the  same  as  pre- 
-sented  in  Part  2.2.4. 1 . 
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4.2.2.2  Total  Petroleum  Hydrocarbons  (Modifled  Method  8015).  Data  acquisition  for 
total  petroleum  hydrocarbons  is  the  same  as  presented  in  Part  2. 2.4.2.  Several  of  the  deep 
post-operation  samples  will  be  collected  close  to  the  water  table  to  provide  information 
regarding  partitioning  of  contaminants  into  an  aqueous  phase. 

4.2.2.3  Total  Organic  Carbon  (EPA  415.1).  A  total  of  22  TOC  analyses  will  be 
conducted  during  the  post-operation  soil  investigation.  No  further  pre-operation  TOC 
analyses  will  be  conducted,  since  those  collected  during  the  Phase  I  site  characterization 
will  be  adequate  to  evaluate  this  objective. 

4.3  Data  Analysis  and  Interpretation 

Four  processes  have  been  identified  that  could  result  in  significant  transport  of  contaminants 
to  the  groundwater.  The  initial  step  in  the  evaluation  will  be  to  determine  appropriate  equa¬ 
tions  and  simplified  models  to  describe  the  individual  transport  processes.  A  discussion  of 
the  anticipated  approach  to  analyzing  each  of  the  processes  is  presented  below. 

•  Rise  of  the  regional  groundwater  levels  and  the  resultant  mobilization  of 
contaminants.  This  process  could  cause  migration  of  contaminants  from  the 
vadose  zone  to  the  aquifer  if  the  current  groundwater  extraction  system  is 
inoperative.  The  analysis  will  be  performed  using  typical  approaches  of 
saturated-zone  solute  transport  affected  by  dispersion  and  retardation.  Appro¬ 
priate  assumptions  regarding  the  groundwater  levels  at  Operable  Unit  (OU)  D 
will  be  made,  such  as  the  groundwater  level  rising  to  the  level  prior  to  imple¬ 
mentation  of  the  groundwater  extraction  system. 

•  Radial  diffusion  of  gas-phase  contaminants  beyond  the  capped  area  followed 
by  volatilization  to  the  atmosphere  and/or  downward  leaching  and  advection 
to  the  water  table  in  uncapped  areas.  This  analysis  will  be  based  on  typical 
diffusion  coefficients  that  control  the  movement  of  contaminants.  Typically, 
transport  by  gas  diffusion  is  nearly  independent  of  the  properties  of  the 
porous  media  a.ssuming  that  there  is  a  continuous  pathway  for  gas  in  the 
vadose  zone.  In  other  words,  there  are  no  areas  or  zones  where  the  pore 
spaces  are  completely  filled  with  water  so  the  gas  diffusion  pathway  is 
blocked.  The  process  of  downward  advection  in  areas  beyond  the  cap  will 
be  evaluated  using  VLEACH  or  a  similar  program  that  includes  the  processes 
of  steady  unsaturated  flow  of  soil  water,  downward  gas  diffusion,  three-phase 
partitioning  and  retardation. 

•  Density  movement  of  gas  pha.se  contaminants.  At  high  gas  concentrations, 
some  contaminants  can  move  in  response  to  density  variations.  The  gas 
concentrations  measured  in  the  vadose  zone  will  be  evaluated  in  order  to 
determine  if  density  driven  gas  flow  is  a  significant  process  at  OU  D.  If  so, 
then  appropriate  equations  (e.g.,  Mendoza  and  Frind,  1990)  will  be  employed 
to  estimate  the  flow  of  gas. 
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•  Unsaturated  advection  and  gaseous  diffusion  downward  to  the  groundwater  in 
areas  beneath  the  cap.  These  processes  are  typically  dominant  in  an 
uncapped  area  but  because  OU  D  is  now  capped,  it  is  assumed  that  advection 
by  water  moving  downward  in  the  vadose  zone  is  negligible.  However, 
downward  diffusion  of  gases  could  cause  some  transport  of  contaminants. 
Although  it  is  believed  that  the  mass  transport  by  this  mechanism  will  be 
small,  the  impact  of  this  process  will  be  evaluated  using  VLEACH  or  a 
similar  program. 
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Objective  (5):  Evaluate  the  Degree  of  Biodegradation 

SVE  systems  physically  remove  volatile  contaminants  from  the  vadose  zone.  However,  in 
situ  biodegradation  of  contaminants  is  recognized  as  an  important  secondary  removal 
mechanism  in  SVE  systems,  especially  for  less  volatile  contaminants.  Recent  innovations 
with  SVE  technology  have  focused  on  enhancing  the  in  situ  biodegradation  of  contaminants 
(particularly  hydrocarbons)  while  minimizing  their  physical  removal.  Potential  advantages  of 
this  modification  include  reduced  equipment  size,  soil  vapor  extraction  rates,  energy,  and 
offgas  treatment  costs.  Most  hydrocarbons  can  be  biodegraded  by  indigenous  microorgan¬ 
isms.  However,  microbial  growth  is  often  limited  by  oxygen  availability.  Thus,  to  maxi¬ 
mize  in  situ  biodegradation  of  hydrocarbons  and  minimize  their  physical  removal,  extraction 
flow  rates  are  reduced  to  the  minimum  required  to  maintain  aerobic  conditions  throughout 
the  vadose  zone.  SVE  systems  operating  in  this  mode  are  called  bioventing  systems. 

The  contaminant  mass  at  Site  S  consists  of  both  chlorinated  and  nonchlorinated  hydrocar¬ 
bons.  Very  little  biodegradation  of  chlorinated  hydrocarbons  is  expected  to  occur.  Most 
chlorinated  hydrocarbons  are  relatively  volatile  and  will  be  removed  with  the  offgas.  The 
biodegradation  evaluation  will  focus  primarily  on  nonchlorinated  hydrocarbons. 

5.1  Data  Needs 

The  following  data  will  be  collected  to  evaluate  biodegradation  and  environmental 
conditions: 


•  In  situ  oxygen  uptake  and  carbon  dioxide  production  rates 

•  Soil  gas  oxygen,  carbon  dioxide,  and  methane  concentrations 

•  Soil  gas  temperature  and  relative  humidity 

•  SVE  offgas  oxygen  and  carbon  dioxide  concentrations 

•  Soil  Total  Petroleum  Hydrocarbons  (TPH)  and  Chemical  Oxygen  Demand 
(COD) 

•  Soil  nutrients  (nitrogen  and  phosphorus),  moisture  content,  and  pH 

•  Soil  microbiological  assays 

Sampling  and  analysis  will  focus  on  the  waste  pit  and  intermediate  alluvial  zones  because 
they  contain  the  heaviest  contamination. 
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5.2  Data  Acquisition 


Quantifying  the  mass  of  contaminants  physically  removed  with  an  SVE  system  is  readily 
accomplished  through  sampling  the  offgas.  Quantifying  the  mass  of  contaminants  biode¬ 
graded  in  situ  is  more  difficult  and  is  done  indirectly.  This  subsection  lists  the  data 
required  to  estimate  biodegradation  rates  as  well  as  monitor  the  environmental  conditions 
that  may  limit  microbial  growth. 

5.2  J  Soil  Gas 

The  soil  gas  will  be  monitored  only  in  the  five  waste  pit  and  three  intermediate  alluvium 
piezometers  in  support  of  this  objective. 

5.2.1. 1  Carbon  Dioxide  and  Oxygen  (Meter).  During  the  pre-operation  period  in  situ 
concentrations  of  oxygen  and  carbon  dioxide  will  be  measured  in  the  waste  pit  and  interme¬ 
diate  alluvium  piezometers.  Prior  studies  have  suggested  that  the  waste  pit  and  intermediate 
alluvium  are  anoxic;  these  measurements  will  confirm  whether  anoxic  conditions  prevail. 

Measuring  oxygen  uptake  and  carbon  dioxide  production  is  a  common  method  of  assessing 
the  rate  of  biodegradation.  Oxygen  uptake  rates  (OURs,  also  called  in  situ  soil  respiration 
rates)  will  be  measured  in  each  piezometer  in  both  the  waste  pit  and  intermediate  alluvial 
zones.  The  OUR  measurement  procedure  is  presented  in  Section  5. 

After  approximately  12  to  14  weeks  of  SVE  operation,  the  soil  vapor  pumping  rates  are 
planned  to  be  reduced  to  levels  more  compatible  with  bioventing  operation  for  a  period  of 
4  to  6  weeks.  During  this  period,  oxygen  and  carbon  dioxide  concentrations  will  be  moni¬ 
tored  weekly  and  OURs  will  be  measured  every  other  week. 

OUR  measurements  for  each  pit  and  intermediate  piezometer  will  be  conducted  once  during 
initial  testing  (week  1 ),  three  times  during  startup  (weeks  2,  4,  and  6),  twice  during  opera¬ 
tion  of  SVE  before  bioventing  (weeks  8  and  11),  and  approximately  three  times  during 
bioventing  (weeks  14,  16,  and  18).  In  addition,  oxygen  and  carbon  dioxide  tests  will  be 
conducted  on  odd  weeks  during  bioventing. 

5.2.1.2  Methane  (Meter).  During  the  pre-operation  period,  data  acquisition  for  methane 
will  be  the  same  as  presented  in  Part  5.2. 1.1. 

5.2.1.3  Temperature  and  Relative  Humidity  (Meters).  Data  acquisition  is  the  same  as 
presented  in  Part  3.2. 1 .5. 

5.2.2  SVE  Offgas  (Extraction  Well  Manifolds) 

Offgas  will  be  measured  for  oxygen  and  carbon  dioxide  every  other  week  in  the  waste  pit 
and  intermediate  alluvial  zone  SVE  manifolds.  If  the  first  several  samples  do  not  reveal 
any  discemable  difference  from  atmospheric  oxygen  and/or  carbon  dioxide  concentrations. 
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these  analyses  will  be  discontinued.  Even  it  SVE  offgas  O^/COj  analysis  is  discontinued 
during  the  SVE  phase,  it  will  be  resumed,  on  a  weekly  basis,  after  reducing  pumping  rates 
to  bioventing  levels.  Flow  rates  in  each  manifold  will  be  measured  each  time  an  SVE 
offgas  manifold  sample  is  measured  or  another  sample  taken. 

5.2.3  Soil 

Soil  samples  will  be  collected  in  the  waste  pit  and  intermediate  alluvium  during  the  pre¬ 
operation,  mid-operation,  and  post-operation  soil  investigations.  Each  sample  collected  will 
be  analyzed  using  the  methods  presented  below. 

5.2.3.1  Total  Petroleum  Hydrocarbons  (Modified  Method  8015).  Data  acquisition  is  the 
same  as  presented  in  Part  3.2.4. 1. 

5.2.3.2  Chemical  Oxygen  Demand  (MOSA  29-3.5.3).  Data  acquisition  for  COD  is  the 
same  as  presented  in  Part  3.2.4. 1. 

5.2.3.3  Moisture  Content  (MOSA  21-2.2).  Data  acquisition  is  the  same  as  presented  in 
Part  3.2.4. 1. 

5.2.3.4  pH  (MOSA  12-2.6).  Data  acquisition  is  the  same  as  presented  in  Part  3.2.4. 1. 

5.2.3.5  Ammonia  Nitrogen  (MOSA  33-3.2,  EPA  350.2),  Nitrate  Nitrogen 
(MOSA  33-3.2,  EPA  300.0),  Ortho-Phosphorus  (MOSA  24-5.3,  EPA  300.0).  Data  acqui¬ 
sition  is  the  same  as  presented  in  Part  3.2.4. 1. 

5.2.3.6  Microbiological  Assay  (DNAB).  Data  acquisition  for  the  microbiological  assay  is 
the  same  as  presented  in  Part  3. 2.4.2. 

5.3  Data  Analysis  and  Interpretation 

This  section  describes  how  the  data  will  be  used  to  assess  the  amount  of  contaminant  mass 
biologically  degraded  and  the  suitability  of  environmental  conditions  for  microbial  activity. 

5.3.1  Soil  Gas 

The  purpose  of  conducting  in  situ  soil  gas  measurements  of  oxygen,  carbon  dioxide,  and 
methane  prior  to  starting  SVE  is  to  verify  that  low  oxygen  or  anoxic  conditions  exist  in  the 
vadose  zone.  Such  a  situation  would  suggest  that  microbial  growth  and  contaminant  bio¬ 
degradation  are  constrained  by  low  oxygen  availability,  and  that  provision  of  oxygen  to  the 
subsurface  environment  might  stimulate  biodegradation  of  hydrocarbons. 
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Oxygen  uptake  with  corresponding  carbon  dioxide  production  is  an  indirect  indication  of 
aerobic  respiration  (biodegradation)  of  organic  compounds  by  hetcrotrophic  microorgan¬ 
isms.  Thus,  oxygen  uptake/carbon  dioxide  production  rates  are  directly  rv’ated  to  biodegra¬ 
dation  rates.  Elevated  OURs  indicate  biodegradation  of  organic  contanui 

Oxygen  uptake  can  be  related  to  contaminant  biodegradation  theoretically  using  the 
stoichiometry  of  oxidation  of  a  representative  contaminant  compound,  or  empirically  using 
a  measured  ratio  of  contaminants  to  oxygen  demand.  In  the  first  case,  a  theoretical  oxygen 
demand  (TOD)  is  used  to  estimate  the  mass  of  oxygen  used  in  biodegrading  a  unit  mass  of 
contaminant,  such  as  is  shown  for  hexane  below: 

QH,4  -t-  9.5  O^  - — >  6CO.  +  1  HjO 

According  to  this  equation,  3.5  grams  of  oxygen  are  required  for  each  gram  of  hexane  bio¬ 
degraded.  (A  similar  relationship  can  be  developed  between  carbon  dioxide  production  and 
hydrocarbon  degradation.)  The  mass  of  hydrocarbon  biodegraded  can  be  estimated  from  the 
measured  OURs  using  this  relationship  as  illustrated  below: 


Example  Calculation  Oxygen  Uptake  Rate  Data  Conversion 

Assume  1  liter  of  soil  (2.65  kgs)  with  a  50  percent  porosity  and  50  percent  saturation. 
Also  assume  the  oxygen  concentration  in  the  soil  has  decreased  from  20  percent  to 
5  percent  during  a  24-hour  OUR  study. 

•  Volume  of  air  =  1  x  0.5  x  0.5  =  0.25  liters 

•  Volume  of  oxygen  =  0.25  x  (20%  -  5%)  =  0.0375  L  oxygen/day 

•  Mass  of  0.0375  liters  of  oxygen  =  53  mg 

•  (53  mg  of  oxygen  uptake/day)  x  (0.283  mg  hydrocarbon/mg  oxygen)  = 
1 5  mg/day  of  hydrocarbon  biodegraded 

•  (15  mg/day  of  hydrocarbon )/2.65  kg  of  soil  =  5.7  mg/kg/day  of  hydro¬ 
carbon  biodegraded 


Typical  values  of  hydrocarbon  degradation  in  the  field  range  from  5  to  30  mg  of  hydrocar¬ 
bon  per  kg  of  soil  per  day. 

The  empirical  approach  to  estimating  biodegradation  is  exactly  the  same  except  that  the 
average  TPH/COD  ratio  measured  in  soil  samples  from  the  appropriate  area  is  used  in  lieu 
of  the  stoichiometry-based  hydrocarbon/TOD  relationship.  These  types  of  calculations  will 
be  used  to  estimate  the  mass  of  contaminants  removed  via  biodegradation.  Plots  of  OUR 
versus  time  will  be  developed  for  each  piezometer  tested  to  evaluate  changes  in  biodegrada¬ 
tion  rates  over  the  course  of  the  study. 
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Data  obtained  by  CH2M  HILL  and  by  others  indicate  that  oxygen  utilization  rates  typically 
range  form  0.0001  to  0.01  percent  oxygen  utilized  per  minute  in  contaminated  soils.  At 
0.01  percent  oxygen  per  minute,  most  of  the  available  oxygen  would  be  utilized  in  one 
day.  The  purpose  of  measuring  OURs  after  I  week  of  SVE  is  to  ensure  that  the  oxygen  is 
being  utilized  by  the  soil  microbial  community.  If  the  oxygen  were  not  depleted  after  a  few 
days,  it  could  suggest  some  other  limitation  to  microbial  growth. 

The  initial  oxygen  concentrations  measured  at  the  beginning  of  each  OUR  study  will  be 
examined  to  verify  that  aerobic  conditions  are  being  maintained  throughout  the  treatment 
zone.  This  should  not  be  a  problem  during  the  period  employing  SVE  pumping  rates  (the 
first  3  months  of  the  piloting  program).  After  reducing  pumping  to  bioventing  rates, 
however,  the  oxygen  levels  in  soil  gas  may  decrease.  The  goal  of  bioventing  is  to  minimize 
the  extraction  of  soil  vapor  while  enhancing  biodegradation.  Thus  flow  rates  are  adjusted  to 
the  minimum  level  which  aerates  the  soil.  Ideally,  the  oxygen  concentration  in  each 
piezometer  will  be  between  15  percent  and  19  percent. 

Biodegradation  rates  are  strongly  dependent  on  temperature  and  moisture  content.  Soil  gas 
temperature  will  be  monitored  and  compared  to  OURs.  Relative  humidity  will  be  moni¬ 
tored  to  determine  if  vapor  extraction  causes  significant  drying  of  the  vadose  zone. 

5.3 J  SVE  Offgas 

The  oxygen  and  carbon  dioxide  concentrations  measured  at  the  offgas  manifolds  will  be 
used,  if  possible,  to  estimate  contaminant  biodegradation  in  a  manner  analogous  to  the  OUR 
data.  During  steady  state  extraction  conditions,  a  reduction  in  oxygen  concentration 
compared  to  the  atmospheric  concentration  (21  percent)  would  be  interpreted  to  indicate 
microbial  respiration/biodegradation.  A  corresponding  increase  in  carbon  dioxide  concentra¬ 
tion  relative  to  the  atmospheric  level  (0.5  percent)  would  support  this  interpretation.  If 
variations  from  atmospheric  levels  are  detectable,  the  mass  of  oxygen  utilized  will  be  calcu¬ 
lated  and  used  to  estimate  the  mass  of  hydrocarbon  biodegraded.  Because  the  treatment  area 
is  capped,  pumping  will  likely  pull  gas  in  from  surrounding  soils;  consequently,  it  will  be 
impossible  to  discern  the  location  that  any  measured  biodegradation  takes  place  from  this 
analysis — only  that  it  has  occurred.  The  high  rates  of  pumping  used  during  the  SVE  investi¬ 
gation  may  mask  any  changes  in  O-JCO-,  beyond  the  discrimination  capacity  of  the  analyti¬ 
cal  method.  However,  changes  may  be  distinguishable  during  the  period  of  reduced 
pumping  rates  (bioventing). 

5.3.3  Soil 

The  TPH  analyses  will  yield  information  on  the  change  in  hydrocarbon  concentrations  over 
time  due  to  both  physical  and  biological  removal  mechanisms.  Moreover,  the  soil  TPH  and 
COD  data  will  be  u.sed  to  develop  empirical  relationships  between  hydrocarbon  mass  and 
oxygen  demand,  which  will  be  applied  in  the  evaluation  of  OJCO.  data  in  soil  gas  and  SVE 
offgas,  as  described  above. 
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Nitrogen  and  phosphorous  are  required  nutrients  for  microbial  growth,  and  biological  degra¬ 
dation  of  organics  can  be  limited  by  the  availability  of  either  nutrient.  Nitrogen  and  phos¬ 
phorous  are  the  nutrients  which  are  most  often  limiting,  although  other  inorganic  nutrients 
can  be  limiting  in  certain  situations.  However,  in  many  natural  soil  systems,  required  nutri¬ 
ents  are  available  in  sufficient  supply  to  support  microbial  metabolism,  and  the  terminal 
electron  acceptor  (oxygen,  in  the  case  of  aerobic  respiration)  is  usually  the  rate- limiting 
requirement.  Furthermore,  nutrient  addition  can  be  costly  compared  to  supplying  oxygen. 
The  soil  nutrient  data  will  be  examined  to  determine  the  likelihood  of  nutrient  limitation 
and  to  determine  if  nutrient  depletion  occurs  during  the  study. 

Moisture  is  essential  to  any  microbial  community.  Currently,  the  soil  is  very  moist. 
Because  of  the  cap,  little  infiltration  is  expected  into  the  soil,  and  SVE  tends  to  dry  the 
soil.  However,  air  will  tend  to  be  humidified  as  it  is  pulled  through  soil  adjacent  to  the 
treatment  zone  (because  of  the  cap),  and  significant  drying  may  not  occur  over  the  duration 
of  the  pilot  program.  The  soil  moisture  data  will  be  evaluated  to  determine  if  drying  occurs 
and  to  assess  whether  long-term  SVE/bioventing  would  be  likely  to  cause  sufficient  mois¬ 
ture  loss  to  inhibit  microbial  growth. 

The  microbial  assays  will  be  performed  to  determine  if  significant  changes  in  microbial 
numbers/biomass  occur  during  the  study.  It  can  be  logically  assumed  that  if  contaminant 
biodegradation  is  stimulated  in  the  treatment  zone  by  the  SVE/bioventing  process  that  the 
biomass  of  microorganisms  capable  of  degrading  those  contaminants  will  increase.  Unfortu¬ 
nately,  precise  quantification  of  the  biomass  of  a  specific  group  of  microorganisms  in  a  soil 
matrix  is  difficult  at  best.  Because  of  the  imprecision  associated  with  soil  microbial  quanti¬ 
fication  techniques,  statistically  significant  increases  may  not  be  ob.served. 
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Objective  (6):  Assess  Whether  Preferential  Removal  of  Contaminants 
From  Different  Strata  is  Occurring  During  SVE 


6.1  Data  Needs 

Assessment  of  whether  preferential  removal  of  contaminants  is  occurring  by  SVE  at  Site  S, 
OU  D,  will  allow  comparison  of  lithology  to  other  sites  basewide  and  determination  of 
whether  SVE  may  be  an  effective  remedial  technology  for  application  at  those  sites.  To 
assess  whether  preferential  removal  of  contaminants  is  occurring  from  different  strata,  the 
following  data  are  needed; 

•  Physical  properties  and  location  and  extent  of  the  vadose  zone  and  pit 
materials 

•  Concentration  of  contaminants  in  the  various  strata 


•  Concentrations  of  contaminants  in  the  soil  vapor 

6.2  Data  Acquisition 


The  reduction  of  contaminants  in  different  .strata  will  be  evaluated  by  monitoring  the  .soil 
gas  for  VOCs  and  total  nonmethane  hydrocarbons.  In  most  cases  the  piezometer  screens 
are  not  located  within  homogeneous  soil  strata.  Instead,  it  is  typical  that  variable  thin 
material  stratifications  occur  throughout  the  screened  interval.  This  may  preclude  complete 
a.s.ses.sment  of  Objective  (6).  Soil  gas  samples  will  be  collected  and  analyzed  throughout  the 
SVE  treatability  investigation. 


Comparison  of  TPH  concentrations  before  and  after  the  SVE  treatability  investigation  may 
provide  information  regarding  which  strata  have  a  tendency  to  exhibit  preferential  removal 
of  TPH.  Consequently,  soil  .samples  will  be  collected  from  various  strata  within  the  vado.se 
zone  and  analyzed  for  TPH  before,  during,  and  after  the  SVE  pilot  plant  operation. 

Several  pre-operation  soil  samples  will  be  analyzed  for  physical  characteristics  in  the  waste 
pit  and  intermediate  alluvial  deposits  to  confirm  lithology.  These  data  along  with  those 
collected  during  Pha.se  I  should  provide  sufficient  lithologic  data  to  be  used  throughout  the 
project. 


6.2.1  Soil  Gas 


The  soil  gas  in  the  piezometers  will  be  sampled  for  VOCs  and  total  nonmethane  hydrocar¬ 
bons  throughout  the  SVE  treatability  investigation. 


6.2.1. 1  Targeted  VOCs  (Onsite  (JC).  Data  acquisition  for  VOCs  is  the  same  as  presented 
in  Part  2.2. 1. 1. 
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6.2.1.2  Offsite  VOCs  (TO-14).  Data  acquisition  for  VOCs  is  the  same  as  presented  in 
Part  1.2. 1.2. 

6.2.1.3  Total  Nonmethane  Hydrocarbons  (TO-12).  Data  acquisition  for  total  nonmethane 
hydrocarbons  is  the  same  as  presented  in  Part  2.2. 1.3. 

6.2,2  Soil 

The  soil  at  Site  S  will  be  sampled  for  physical  properties  and  TPH  as  a  part  of  the  SVE 
investigation.  Samples  will  be  collected  and  analyzed  for  TPH  and  physical  properties  in 
the  waste  pit  and  intermediate  alluvium  during  the  pre-operation  investigation.  Sufficient 
deep  alluvium  data  have  been  collected  during  the  Phase  I  site  characterization.  Samples 
from  all  three  zones  will  be  analyzed  for  TPH  during  the  post-operation  soil  investigation. 

6.2.2. 1  Physical  Properties.  Data  acquisition  for  physical  properties  is  the  same  as 
presented  in  Part  2.2.4. 1 . 

Total  Petroleum  Hydrocarbons  (Modified  Method  8015).  Data  acquisition  for  total 
petroleum  hydrocarbons  is  the  same  as  presented  in  Part  2.2.4.2. 

6.3  Data  Analysis  and  Interpretation 

Following  is  a  summary  of  the  methods  to  be  used  for  data  analysis  and  interpretation  for 
soil  gas  and  soil  analytical  data. 

It  is  likely  that  preferential  removal  of  VOCs  will  not  occur  due  to  the  heterogeneous  nature 
of  the  subsurface  materials  and  the  nonuniform  distribution  of  contaminants.  The  Phase  1 
soil  borings  indicated  that  the  waste  pit  is  comprised  of  miscellaneous  fill,  debris,  and  vari¬ 
ous  contaminants.  The  air  permeability  tests  in  the  waste  pit  indicated  the  presence  of 
zones  of  very  low  permeability  material  adjacent  to  medium  to  high  permeability  materials. 
Likewise,  the  native  materials  below  the  pit  are  comprised  of  heterogeneous  mixtures  of 
fine  sand,  silt,  and  clay.  Considerable  variation  in  material  types  was  observed  within  indi¬ 
vidual  split-spoon  samples  during  the  field  investigation. 

6.3.1  Soil  Gas 

The  ability  to  evaluate  preferential  removal  of  contaminants  is  dependent  on  the  nature  of 
the  subsurface  materials  that  the  piezometers  are  screened  in.  If  rea.sonable  uniformity  can 
be  assumed  in  several  piezometers  with  different  materials,  then  those  installations  may  be 
useable  to  evaluate  preferential  removal  of  VOCs  from  the  various  soil  zones.  However, 
the  variability  of  material  adjacent  to  piezometers  will  affect  contaminant  removal  rate.  For 
example,  a  piezometer  screened  in  a  large  silt  zone  may  show  much  less  contaminant 
removal  than  a  similar  installation  located  in  a  thin  silt  zone  surrounded  by  a  sand  layer. 
The  difference  in  removal  mass  and  rate  will  be  influenced  more  by  the  overall  stratigraphy 
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than  the  particular  material  in  which  the  screen  is  located.  During  the  pilot  study  it  will  be 
impossible  to  accurately  quantify  adjacent  contributing  stratigraphic  factors. 

Analysis  and  interpretation  for  soil  gas  data  is  the  same  as  presented  in  Part  2.3.1. 

6.3.2  Soil 

Analysis  and  interpretation  for  soil  data  is  the  same  as  presented  in  Part  2.3.3. 
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Objective  (7):  Evaluate  Performance  of  the  SVE  Offgas  Emissions 

Control  System 


7.1  Data  Needs 

To  evaluate  the  performance  of  the  SVE  offgas  emission  control  system,  the  following  data 
are  needed: 

•  Type  and  concentration  of  contaminants  entering  the  emission  control  system. 

•  Type  and  concentration  of  contaminants  exiting  the  emission  control  system. 

•  Flow  rate  through  the  emission  control  system. 

•  Operating  temperature  and  pressure  of  the  emission  control  system. 

•  Sufficient  data  to  assure  compliance  of  the  SVE  offgas  emission  control 

system  with  air  emission  ARARs.  A  list  of  applicable  ARARs  is  presented 
in  Appendix  P. 

7.2  Data  Acquisition 

Analytical  data  for  emission  control  system  process  monitoring  will  be  collected  from  the 
SVE  offgas  transfer  piping  before  to  the  incinerator  and  from  the  emission  control  system 
stack  during  the  initial  testing,  startup,  and  continued  operations  periods. 

7.2.1  SVE  Offgas  (Transfer  Piping)  and  Emissions  Control 

7.2.1. 1  Targeted  VOCs  (Onsite  GC).  The  combined  SVE  offgas  entering  the  emission 
controls  system  and  discharge  from  the  stack  will  be  monitored  daily  during  initial  testing, 
once  a  week  during  startup,  and  once  every  2  weeks  during  the  continued  operation  pha.se. 
This  sampling  strategy  will  provide  sufficient  data  to  verify  compliance  with  discharge 
limits  and  to  calculate  the  destruction  removal  efficiency  for  specific  VOCs  of  concern. 

7.2.1.2  Offsite  VOCs  (TO-14i.  TO- 14  analyses  will  be  performed  at  a  rate  Of  1  f  r  every' 
20  onsite  GC  analyses  performed  over  the  duration  of  the  treatability  investigation.  Each 
TO- 14  sample  will  be  collected  in  duplicate  with  an  onsite  GC  sample.  One  emissions 
control  sample  and  one  transfer  piping  sample  will  be  collected  during  the  startup  period. 
This  period  will  correspond  with  the  period  when  the  maximum  mass  removal  is  occurring. 

7.2.1.3  Total  Hydrocarbons  (TO-12).  The  combined  SVE  offgas  entering  the  emission 
controls  system  and  the  discharge  from  the  stack  will  be  sampled  for  total  nonmetnane 
hydrocarbons  approximately  three  times  during  initial  testing,  once  per  week  during  startup, 
and  approximately  once  every  2  weeks  during  the  continued  operation  phase.  The  total 
nonmethane  hydrocarbon  data  at  this  frequency  will  provide  sufficient  data  to  calculate 
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destruction  removal  efficiency  of  total  nonmethane  hydrocarbons  and  quantify  the  total 
discharge  of  nonmethane  hydrocarbons  from  the  system. 

7.2.1.4  Hydrochloric  Acid  (HCL — Method  26).  Chlorinated  hydrocarbons  will  be  con¬ 
verted  to  carbon  dioxide,  water  vapor,  and  hydrochloric  acid  (HCL)  gas  in  the  emission 
controls  system.  Measurement  of  HCL  is  required  to  ensure  compliance  with  discharge 
standards.  Discharge  from  the  stack  will  be  sampled  once  during  initial  testing,  once  every 
3  weeks  during  startup,  and  approximately  once  a  month  during  the  continued  operation 
phase.  As  VOC  concentrations  decrease,  HCL  concentrations  will  also  decline;  therefore,  if 
limits  are  met  during  the  startup  phase,  they  should  be  met  during  continued  operation,  and 
sampling  intervals  will  be  adjusted  accordingly. 

7.2.1.5  Dioxins  (Method  23).  Trace  levels  of  dioxin  congeners  have  been  reported  from 
thermal  incinerators  in  the  past.  Although  the  catalytic  oxidation  emission  controls  system 
operates  at  a  much  lower  temperature  than  thermal  incinerators,  the  possibility  stiU  exists 
that  dioxin  congeners  could  be  generated  at  low  levels  during  oxidation.  Therefore,  the 
stack  will  be  sampled  for  dioxin  congeners  once  during  initial  testing,  once  every  3  weeks 
during  startup,  and  approximately  once  a  month  during  the  continued  operation  phase. 

7.2.1.6  Carbon  Dioxide  and  Oxygen  (Meters).  The  SVE  offgas  (transfer  piping)  will  be 
monitored  in  conjunction  with  other  soil  gas,  SVE  offgas,  or  emission  control  sampling  to 
aid  in  process  control  of  the  emission  control  system. 

7.3  Data  Analysis  and  Interpretation 

Following  is  a  brief  summary  of  the  methods  to  be  used  for  data  analysis  and  interpretation 
of  SVE  offgas  (transfer  piping)  and  emi.ssions  control  analytical  data. 

7.3.1  SVE  Offgas  (Transfer  Piping)  and  Emissions  Control 

Comparison  of  contaminant  concentrations  for  samples  taken  from  the  transfer  piping  and 
the  stack  will  yield  information  for  assessment  of  contaminant  destruction  efficiencies  and 
achievemen*^  of  air  emissions  ARARs. 

Concentrations  of  VOCs,  total  nonmethane  hydrocarbons,  HCl,  and  dioxin  measured  in  the 
stack  samples  will  be  monitored  to  ensure  compliance  with  the  regulatory  discharge 
standards.  Process  flow  rates  and/or  combustion  temperature  will  be  varied  as  necessary  to 
conform  with  the  regulatory  discharge  requirements. 
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Objective  (8):  Evaluate  the  Applicability  of  SVE  to  OU  D  and  Collect 
Sufficient  Operational  Data  to  Support  the  Detailed  Analysis  of  SVE  as 
A  Remedial  Action  Alternative  in  the  Feasibility  Study  for  OU  D 

8.1  Data  Needs 

Evaluation  of  the  above  objective  requires  completion  of  the  SVE  treatability  investigation 
and  overall  assessment  of  how  well  the  SVE  technology  performed  at  Site  S,  OU  D.  The 
data  needs  are  similar  to  those  previously  discussed  for  Objectives  (1)  through  (7). 

8.2  Data  Acquisition 

Data  will  be  collected  from  soil,  soil  gas,  SVE  offgas,  and  emission  control  system  over  the 
duration  of  Phases  II  and  HI  of  the  SVE  treatability  investigation  as  discussed  for  the 
previous  objectives. 

Summaries  of  the  sampling  required  to  support  all  objectives  of  the  SVE  treatability  investi¬ 
gation  are  presented  in  Tables  5-6  (soil),  5-10  (soil  gas),  and  5-11  (SVE  offgas  and  emis¬ 
sions  control). 

8.3  Data  Analysis  and  Interpretation 

The  applicability  of  SVE  to  remove  VOCs  at  OU  D  will  be  determined  by  evaluating  the 
degree  to  which  the  other  goals  and  objective.s  were  achieved.  SVE  will  be  judged  to  be 
applicable  to  the  remediation  of  OU  D  and  qualify  as  a  remedial  action  alternative  in  the 
feasibility  study  (FS),  provided  that: 

•  A  large  mass  of  contaminants  is  removed  and  successfully  treated  or  a  signi¬ 
ficant  reduction  in  the  target  contaminants  is  achieved 

•  Soil  gas  movement  represents  a  major  mechani.sm  contributing  to  areal 
contamination 

•  Emission  control  system  (stack)  discharge  limits  and  ARARs  are  achieved 

•  The  SVE  technology  is  accepted  by  the  community  and  regulatory  agencies 
as  a  feasible  remedial  technology 

The  effect  of  hot  air  enhancement  and  the  amount  of  biodegradation  will  be  considered  as 
important  but  "secondary"  factors  in  evaluating  the  applicability  of  SVE  at  OU  D  and  the 
as.sessment  of  SVE  as  a  FS  alternative.  Lack  of  significant  contaminant  removal  directly 
attributable  to  hot  air  injection  or  biodegradation  will  not  be  considered  as  fatal  Haws  in  the 
asses.sment  of  the  overall  performance  of  SVE. 
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Further  criteria  for  evaluating  the  applicability  of  SVE  to  OU  D  are  those  set  forth  in  the 
Guide  for  Conducting  Treatability  Studies  Under  CERCLA:  Soil  Vapor  Extraction,  Interim 
Guidance,  EPA,  September  1991.  These  are  similar  criteria  that  will  be  considered  during 
the  OU  D  Feasibility  Study.  The  evaluation  criteria  are: 

•  Overall  protection  of  human  health  and  environment 

•  Compliance  with  ARARs 

•  Long-term  effectiveness  and  permanence 

•  Reduction  of  toxicity,  mobility,  or  volume  through  treatment 

•  Short-term  effectiveness 

•  Implementability 

•  Cost 
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Objective  (9):  Assess  General  Applicability  of  SVE  at  Other 

McClellan  AFB  Sites 

9.1  Data  Needs 

The  data  needs  to  achieve  this  objective  are  the  same  as  presented  in  Part  8.1. 

9.2  Data  Acquisition 

The  data  acquisition  required  to  achieve  this  objective  is  presented  in  Part  8.2, 

9.3  Data  Analysis  and  Interpretation 

The  applicability  of  SVE  to  other  McClellan  AFB  sites  will  be  based  on  analysis  of  the 
performance  at  Site  S  and  comparison  of  the  nature  and  extent  of  contamination.  The 
nature  and  extent  of  contamination  must  be  determined  at  each  proposed  site  and  compared 
to  that  at  Site  S.  The  presence  of  VOCs  as  contaminants  of  concern  at  a  site  combined 
with  the  reduction  of  target  analytes  at  Site  S  will  be  useful  in  determining  the  potential 
effectiveness  of  SVE  at  other  McClellan  AFB  sites.  This  objective  will  be  evaluated  in 
considerably  more  detail  during  the  feasibility  studies  being  conducted  for  the  respective 
OUs  at  McClellan  AFB. 
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Section  4 

Experimental  Design  and  Procedures 


The  work  items  covered  under  this  work  plan  are  divided  into  two  phases.  Phase  n 
includes  installation  and  soil  sampling  of  additional  vapor  extraction  wells  to  be  used  as  a 
part  of  the  SVE  treatability  investigation,  and  installation  of  other  SVE  process  equipment. 
Phase  ni  comprises  the  operation  and  sampling  of  the  SVE  system  and  includes  installation 
of  mid-  and  post-operation  soil  borings  for  evaluation  of  the  effectiveness  of  the  SVE  tech¬ 
nology. 


Cap  Penetration 

All  soil  borings  will  be  located  within  the  area  of  the  existing  multilayer  cap.  The  cap 
consists  of  24  inches  of  silty  sand/sandy  silt  cover  material  overlying  a  40-mil  high-density 
polyethylene  (HOPE)  synthetic  membrane.  The  membrane  is  underlain  by  18  inches  of 
low-permeability  soil  (clay),  which  in  turn  is  underlain  by  6  inches  of  granular  drain  mate¬ 
rial  and  a  variable  thickness  of  site  grading  material.  Waste  sampling  ports  consisting  of 
5-foot-long  segments  of  5-foot-diameter  reinforced  concrete  pipe  were  installed  through  the 
cap  during  the  original  cap  construction  to  facilitate  future  sampling  of  the  contaminated 
materials.  One  new  soil  boring  will  be  installed  through  existing  sampling  port  WSP-SB. 
Other  borings  will  require  new  penetrations  directly  through  the  multilayer  cap.  Cap  pene¬ 
tration  and  sealing  procedures  are  discussed  below.  These  procedures  are  the  same  for  all 
wells. 


At  the  conclusion  of  the  Phase  11  and  HI  investigation,  the  wells  will  be  left  intact  for  use 
during  site  remediation,  assuming  that  soil  vapor  extraction  is  selected  for  such  remediation. 
If  soil  vapor  extraction  is  not  implemented  at  Site  S  after  the  pilot-scale  testing  is  complete, 
then  the  wells  and  piezometers  should  be  abandoned  in  accordance  with  applicable  regula¬ 
tory  requirements.  Such  procedures  typically  require  that  the  well  or  piezometer  be  fully 
grouted  in  place. 

Penetrations  Through  Existing  Sampling  Ports 

During  Phase  I,  the  sampling  port  was  filled  with  compacted,  noncontaminated,  low- 
permeability  material  similar  to  that  placed  in  the  original  multilayer  cap.  One  well  will  be 
constructed  through  the  backfilled  sampling  port.  Figure  4-1  depicts  a  sampling  port  after 
well  construction. 


Penetration  Through  Multilayer  Cap 

Figure  4-2  depicts  a  cro.ss-section  through  the  existing  multilayer  cap  and  schematically 
illustrates  the  procedure  for  penetrating  and  re.sealing  the  multilayer  cap  at  locations  other 
than  the  exi.sting  waste  sampling  ports. 
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1.  WELLS  PSP-1.  AND  PSD-1  WERE  PREVIOUSLY 
installed  DURING  SITE  CHARACTERIZAVON. 

(PSP-l  =  VES-08;  PSD-1  =  VES-01) 

2.  PSD.  PSI  AND  PSP  WILL  BE  INSTALLED 

PRIOR  TO  OPERAVON  OF  SVE  SYSTEM  (PHASE  11) 
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THRU  THE  OPERAVON  OF  THE  SVE  SYSTEM  (PHASE  III) 


RGURE  4-3 

PILOT  SYSTEM  LAYOUT 


|0A7t  JUNE  1992 


The  existing  cover  material  will  be  carefully  hand  excavated  down  to  the  HOPE  liner  at 
each  new  boring  location.  The  excavation  will  be  large  enough  to  cut  a  circular  hole  in  the 
liner  6  inches  larger  than  the  outside  diameter  of  the  largest  drill  to  be  used.  After  the 
initial  section  of  drill  auger  is  positioned  within  the  hole  in  the  liner,  the  remainder  of  the 
hole  will  be  temporarily  backfilled  to  allow  the  drill  cuttings  to  be  deposited  at  the  ground 
surface  for  removal.  The  boring  will  then  be  advanced  to  the  desired  depth  and  the  well 
constructed. 

After  installation  of  the  well  screen,  the  remainder  of  the  boring  will  be  filled  with  a  ben¬ 
tonite  seal  and  cement/bentonite  grout  up  to  the  HOPE  liner.  For  hot  air  injection  wells  the 
remainder  of  the  boring  will  be  filled  with  a  neat  cement  with  plasticizer.  Prior  to  placing 
a  slip  boot,  the  exposed  surface  of  the  HOPE  liner  will  be  brushed  clean  of  soil.  Once  the 
grout  has  cured,  the  cover  material  will  be  re-excavated  to  expose  the  HOPE  liner.  A 
60-mil-thick  HOPE  slip  boot  will  be  placed  over  the  well  casing.  The  slip  boot  will  be 
sized  such  that  the  collar  of  the  slip  boot  will  overlap  the  circular  cut  in  the  HOPE  liner  by 
at  least  4  inches  all  around.  The  slip  boot  will  be  bonded  to  the  liner  using  the  extrusion 
welding  process.  The  slip  boot  collar  will  be  clamped  to  the  well  casing  with  a  stainless 
steel  hose  clamp. 

Once  the  slip  boot  has  been  satisfactorily  prepared,  a  soil/bentonite  mixture  will  be  moisture 
conditioned  and  placed  in  the  excavation  in  maximum  6-inch-thick  lifts  and  compacted  with 
at  least  six  passes  of  the  manually  operated  pneumatic  compactor,  taking  care  not  to  damage 
the  neck  of  the  slip  boot  that  is  attached  to  the  casing  pipe.  Compaction  will  be  to  90  per¬ 
cent  relative  compaction  as  defined  in  ASTM  Method  D1557.  The  material  will  consist  of 
a  mixture  of  silty  sand/sandy  silt  and  bentonite.  This  mixture  will  be  proportioned  as  one 
part  bentonite  to  four  parts  soil  prior  to  placement.  At  least  12  inches  of  the  compacted 
soil/bentonite  mixture  will  be  placed  over  the  slip  boot.  The  remaining  portion  of  the  hand 
excavation  will  be  backfilled  with  compacted  cover  material  from  the  initial  excavation. 
The  cover  material  will  be  compacted  similar  to  the  soil/bentonite  mixture.  The  finish 
surface  of  the  compacted  cover  material  will  be  sloped  away  from  the  well  or  piezometer 
casing  to  minimize  the  potential  for  rainwater  to  infiltrate  around  the  piezometer  or  well 
installation. 


Pilot  Plant  Installation 

Installation  of  the  SVE  pilot  plant  includes  installation  of  vapor  extraction  wells,  hot  air 
injection  system,  and  other  SVE  process  equipment. 

The  pilot-scale  SVE  system  is  planned  to  include  up  to  15  new  wells.  TTie  field  program 
will  include  six  new  wells  in  the  waste  pit,  four  new  deep  wells,  and  five  new  intermediate 
depth  wells.  Two  of  the  existing  Pha.se  1  wells  will  be  incorporated  into  the  pilot  system. 
The  hot  air  injection  system  will  include  four  injection  wells  and  six  temperature  wells  to 
be  installed  part  way  through  the  pilot  treatability  inve.stigation. 
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Figure  4-3  presents  the  locations  of  the  wells  to  be  installed  for  the  SVE  treatability  investi¬ 
gation. 

SVE  System 

New  wells  will  be  installed  in  drilled  borings  using  hollow  stem  augers,  and  constriction 
will  be  similar  to  that  used  for  the  Phase  I  site  characterization  wells  with  the  following 
changes; 


Well  centralizers  will  be  used. 

A  fine  sand  bridging  zone  will  be  placed  between  the  sand  pack  and  the 
"holeplug"  or  bentonite  seal. 

Penetrations  through  the  existing  HOPE  liner  will  be  repaired  by  fusion¬ 
welding  a  HOPE  boot  to  the  existing  liner.  The  top  of  the  boot  will 
sealed  to  the  well  casing  with  a  stainless  steel  hose  clamp. 


Deep  Wells 

Borings  for  the  deep  wells  will  be  drilled  to  groundwater.  Well  VES-01  was  installed 
during  the  site  characterization  study  and  will  be  used  as  a  deep  well  in  the  pilot  test.  It  is 
identified  as  Well  PSD-1  on  Figure  4  3. 

All  deep  wells  will  be  constructed  with  4-inch-diameter  Schedule  40  polyvinyl  chloride 
(PVC)  and  screened  from  approximately  40  feet  in  depth  below  grade  level  to  5  feet  above 
the  groundwater  table  (approximately  at  lOO-foot  depth).  Details  of  the  deep  well  installa¬ 
tion  are  shown  on  Figure  4-4. 

Intermediate  Wells 

The  intermediate  wells  will  target  the  low  permeability,  low  flow,  and  high  concentration 
zone  beneath  the  pit  with  selective  well  screens  to  enhance  the  probability  of  significant 
VOC  reduction.  The  intermediate  wells  will  be  located  within  5  feet  of  the  deep  wells. 
The  intermediate  borings  will  not  be  logged  in  detail  becau.se  of  their  proximity  to  the  deep 
wells. 

The  intermediate  depth  wells  will  be  constructed  with  4-inch-diameter  Scheaule  40  PVC 
and  screened  in  the  lower  permeability  material  between  27  and  40  feet  below  grade. 
Details  of  the  intermediate  well  installation  arc  shown  on  Figure  4-5. 
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Waste  Pit  Wells 


The  pit  borings  will  be  drilled  through  the  pit  materials  to  native  soil  to  verify  the  depth  of 
the  bottom  of  the  pit.  The  borehole  will  then  be  backfilled  with  bentonite  to  1  foot  above 
the  bottom  of  the  pit  before  the  well  is  constructed.  The  pit  wells  will  be  4-inch-diameter 
Schedule  40  PVC  and  screened  within  the  pit  from  about  3  feet  below  the  fill  to  about 
1  foot  above  the  bottom  of  the  pit  (approximately  15  to  26  feet  below  grade).  Details  of 
the  waste  pit  well  installation  are  shown  on  Figure  4-6. 

Existing  Well  VES-08  was  installed  during  the  site  characterization  study  and  will  be  used 
as  a  pit  well  during  the  pilot  test. 

Manifold  Piping  and  Blowers 

Three  manifold  systems  will  be  provided  to  draw  contaminated  vapor  from  the  soil;  one 
system  will  transmit  flow  from  the  deep  wells,  another  from  the  in’,ermediate  wells,  and  a 
third  from  the  waste  pit  wells.  The  pit  and  intermediate  zone  manifolds  will  join  together 
prior  to  entering  the  pit/intermediate  zone  air/water  separator.  Tfre  manifolds  have  been 
sized  to  accommodate  a  flow  of  300  standard  cubic  feet  per  minute  (scfm)  from  each  deep 
extraction  well,  120  scfm  from  each  pit  extraction  well,  and  30  scfm  from  each  intermediate 
extraction  well.  This  provides  approximately  50  percent  additional  flow  capacity  over  the 
anticipated  design  flows  from  each  well. 

Two  skid-mounted  40-horsepower  (hp)  vacuum  pumps  rated  at  900  scfm  each  at  2  inches  of 
mercury  (Hg)  (measured  at  the  extraction  wells)  will  be  installed  for  the  deep  extraction 
well  system.  Three  50-hp,  500-scfm  .skid-mounted  pumps  operating  at  approximately 
14  inches  of  Hg  at  the  wel's  will  be  required  for  the  combined  pit  and  intermediate  extrac¬ 
tion  well  systems.  For  the  majority  of  the  time,  only  one  pump  will  be  required  for  the 
deep  system  and  two  pumps  for  the  pit  and  intermediate  system.  The  additional  pumps  will 
be  available  for  high  flow  periods  and  to  provide  adequate  system  redundancy. 

AirlWater  Separators 

A  3-foot-diameter,  6-inch  tangential  entry,  1,000-scfm  air/water  .separator  with  a  demister 
and  high  level  shutdown  will  be  installed  in-line  prior  to  the  blowers  on  the  combined  pit 
and  intermediate  extraction  well  manifold.  A  4-foot-diameter,  8-inch  tangential  entry. 
2,000-.scfm  unit  will  be  installed  on  the  deep  extraction  well  .sy.stem.  The  air/water  separa¬ 
tors  will  remove  entrained  moisture  from  the  SVE  offgas.  Water  level  will  be  measured 
with  a  sight  glass.  Water  will  be  removed  from  the  separator  as  required  and  transported  to 
the  Groundwater  Treatment  Plant  (GWTP)  for  treatment.  The  high  level  .shutdown  switch 
will  activate  the  controller  to  shut  down  all  process  equipment  with  the  exception  of  thv, 
catalytic  oxidation  sy.stem  if  water  levels  exceed  a  pre.set  level. 


CV()R201/.57..S1 


4-11 


SST  HOSE  CLAMP 


S’  SCHED.  80  PVC  WELL  CASING 
W/ASTM  F48G  THREADED  JOINTS 


T 


GROUND 
SURFACE  - 


EXISTING  40  MIL 
HOPE  MEMBRANE 


/ 


GRANULAR 

FILL 


1 


HOPE  BOOT 


COVER  MA  TERIAL 


CEMEN  T/BEN  TONI  TE  GROU  t 


BENTONITE  SEAL  3-5  FEET  ^HICK, 
GRANULAR,  HYDRATED 


27' ± 


SAND  BRIDGE  1-2  FEET 
THICK  ^30  MESH 


4”  SCHED  40  PVC  WELL  SCREEN 
W/0.020  INCH  SLOTS 


WASTE 

PIT 

MA  TERIAL 


SAND  PACK,  Sx20  MESH 


SST  CENTRALIZERS  A  T 
TOP  AND  BOTTOM  OF 
SCREEN  ZONES 


_ J_ 


BENTONITE  PLUG  10  I  :  CC  I 
ABOVE  BOTTOM  OF  FH  ZONf 


NA  TIVE  MA  TERIAL 


! 


FIGURE  4-6 

WASTE  PIT  EXTRACTION  WELL 
SVE  PHASE  II 
SITE  S.  OU  D 

VIcC  Fl.:  A\  AFB 


Hot  Air  Injection  System  Construction 

A  hot  air  injection  system  will  be  installed  midway  through  the  SVE  treatability  investiga¬ 
tion  to  evaluate  the  impact  of  this  enhancement  on  the  SVE  technology.  The  system  will 
include  a  50-hp,  300  scfm,  rotary  vane,  positive  displacement  blower  to  heat  and  pressurize 
the  injection  air.  The  heat  of  compression  of  the  blower  in  conjunction  with  a 
supplementary  15-kW  immersion  heater  is  capable  of  heating  the  air  to  approximately 
300°F  at  12  psi.  The  blower  will  be  equipped  with  an  inlet  air  filter/silencer.  Discharge 
from  the  blower  will  be  transferred  through  an  above  ground  insulated  carbon  steel  piping 
manifold  and  distributed  to  four  carbon  steel  injection  wells  screened  in  the  waste  pit. 

The  temperature  of  the  soil  will  be  monitored  through  a  network  of  thermocouples  installed 
in  six  temperature  wells  around  the  site.  Temperature  wells  are  described  below. 

Injection  Wells 

The  locations  of  the  four  hot  air  injection  wells  are  shown  on  Figure  4-3.  The  locations 
were  selected  along  the  axis  of  waste  pit  and  are  enveloped  by  the  waste  pit  extraction 
wells  to  prevent  offsite  migration  of  contaminants.  A  schematic  of  a  hot  air  injection  well 
is  shown  on  Figure  4-7.  The  injection  wells  will  be  drilled  into  the  intermediate  alluvial 
zone  to  allow  soil  sampling  as  a  part  of  the  mid-operation  soil  investigation.  Borings  will 
be  grouted  with  cement/bentonite  grout  to  approximately  1  foot  above  the  bottom  of  the 
waste  pit. 

After  the  grout  has  set,  the  2-inch-diameter  carbon  steel  well  will  be  installed.  The  well 
will  be  screened  in  the  oit  '  itween  approximately  2  feet  below  the  top  of  the  pit  and  1  foot 
above  the  bottom  of  u.,  A  1-  to  2-foot-thick  .sand  bridge  will  be  installed  at  the  top  of 
the  screen.  The  well  casing  will  be  grouted  between  the  sand  bridge  and  the  HDPE  liner 
using  neat  cement  containing  a  plasticizer.  This  will  reduce  the  impact  of  the  high  tempera¬ 
ture  on  the  integrity  of  the  grout  and  casing  seal. 

Temperature  Wells 

The  temperature  distribution  in  the  soil  will  be  monitored  through  a  network  of  thermo¬ 
couples  installed  within  the  waste  pit  and  upper  intermediate  alluvial  zones  of  Site  S.  Six 
temperature  wells  will  be  installed  in  various  locations  between  the  hot  air  injection  wells 
and  waste  pit  extraction  wells.  The  locations  of  the  temperature  wells  were  selected  so  as 
to  monitor  the  movement  of  the  temperature  front  between  the  injection  and  extraction 
points.  Two  temperature  wells  will  be  placed  outside  the  pit  extraction  wells  to  monitor  for 
divergence  of  the  hot  air  front.  The  locations  of  the  temperature  wells  are  shown  on 
Figure  4-3. 
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Six  thermocouples  will  be  installed  in  each  temperature  well  as  shown  in  Figure  4-8.  Two 
thermocouples  will  be  installed  in  the  upper  half  of  the  intermediate  alluvial  zone  and  the 
remainder  in  the  waste  pit.  The  shallowest  probe  will  be  placed  just  inside  the  waste  pit  at 
the  interface  of  the  pit  and  fill  materials  below  the  liner. 

The  thermocouples  will  be  immobilized  by  taping  them  to  a  1 -inch-diameter  PVC  pipe  and 
grouting  the  pipe  into  the  boring.  Plasticizer  will  be  added  to  the  grout  to  control  shrinkage 
when  the  grout  mix  is  heated.  A  section  of  2-inch-diameter  PVC  pipe  will  be  installed  over 
the  1-inch  pipe  and  thermocouple  leads  to  2  feet  below  the  HOPE  liner.  A  HDPE  slip  boot 
will  be  fusion  welded  to  the  2-inch  pipe  and  existing  HDPE  liner.  The  thermocouple  lead 
wires  will  be  threaded  through  the  2-inch  PVC  pipe  and  completed  at  the  surface. 

Care  should  be  taken  to  identify  the  individual  leads  as  to  the  depth  of  the  attached 
thermocouple. 

Emission  Control  System 

In  the  oxidation  system,  halogenated  and  nonhalogenated  VOCs  exiting  the  air/water  separa¬ 
tor  will  be  catalytically  oxidized  to  complete  products  of  combustion,  namely  carbon 
dioxide,  water,  and  hydrochloric  acid.  The  SVE  air  stream  flows  from  the  positive 
displacement  blower  to  a  preheater  chamber,  where  it  is  mixed  with  natural  gas  and  dilution 
air  and  preheated  to  approximately  750°F.  The  preheated  gas  then  enters  the  combustion 
chamber,  where  the  SVE  gases  are  oxidized  at  approximately  1,200°F.  Total  residence  time 
in  the  combustion  chamber  is  approximately  1  second. 

The  combustion  chamber  contains  a  stainless  steel  catalyst  support  plate  and  distribution 
grid.  This  support  provides  proper  distribution  of  the  proce.ss  stream,  assuring  uniform  flow 
and  complete  contact  of  the  stream  with  the  catalyst.  The  catalyst  initiates,  promotes,  and 
accelerates  VOC  oxidation.  The  catalyst,  without  itself  being  altered,  significantly  reduces 
the  oxidation  activation  energy,  thus  allowing  the  oxidation  reaction  to  occur  at  much  lower 
temperatures  than  would  be  required  with  conventional  oxidation. 

Since  oxidation  is  an  exothermic  reaction,  it  heats  up  the  exiting  gases  as  well  as  the  cata¬ 
lyst  bed.  The  exhaust  gas  stream  temperature  from  the  catalytic  oxidation  chamber  will  be 
up  to  1,200°F.  Natural  gas  and  dilution  air  flow  rates  will  be  controlled  to  limit  catalyst 
bed  temperatures  to  approximately  I,2()()°F  to  protect  the  catalyst  from  being  sintered.  The 
hot  exhaust  gas  stream  is  vented  to  the  atmo.sphere  through  a  12-inch-diameter  stack  at 
approximately  1,200°F.  The  destruction  removal  efficiency  for  the  halogenated  and  non¬ 
halogenated  hydrocarbons  is  estimated  to  be  over  99  percent  based  on  past  performance 
history  for  similar  .streams. 
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FIGURE  4-8 

HOT  AIR  TEMPERATURE  WELL 
SVE  PHASE  III 
SITES,  OU  D 

McCLlL.^AN  AFB 
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Utility  Requirements 


Natural  gas  will  be  used  to  provide  supplemental  fuel  for  the  catalytic  oxidation  system. 
Process  equipment  will  operate  using  electrical  power.  Automatic  shutdown  alarms  will 
activate  an  autodialer  system,  which,  in  turn,  will  communicate  the  fault  via  phone  to  the 
SVE  operator. 

Natural  Gas 

Natural  gas  for  the  catalytic  oxidation  system  will  be  supplied  from  existing  on-base 
sources.  The  closest  natural  gas  line  is  located  approximately  500  feet  east  of  Site  S.  The 
existing  line  is  a  buried  4-inch  polyurethane  pipe  at  a  pressure  of  15  psig.  The  catalytic 
oxidation  system  will  require  a  maximum  natural  gas  flow  rate  of  2,400  ft^/hr  at  5  psig.  A 
new  1-1/2-inch  polyurethane  line  will  be  installed  to  Site  S  to  supply  the  catalytic  oxidation 
system  with  natural  gas. 

Electrical  Power 

Electrical  power  for  the  SVE  process  equipment  and  the  onsite  laboratory  will  be  supplied 
from  existing  on-base  sources.  The  most  convenient  tie-in  location  for  electrical  power  is 
located  approximately  350  feet  east  of  Site  S.  The  12-kV  powerlines  are  su.spended  by  a 
series  of  power  poles. 

A  12-kV  electric  line  will  be  buried  between  an  existing  pole  and  Site  S.  Two  turndown 
transformers  will  be  supplied  by  the  contractor  to  transform  the  12-kV  power  to  480  V  (for 
process  equipment)  and  120  V  (for  u.se  by  the  onsite  laboratory,  the  alarm  dialer,  control 
panels,  and  lighting). 

Telephone  Service 

No  telephone  lines  are  located  in  the  vicinity  of  Site  S.  Therefore,  a  cellular  or  hardwired 
phone  system  will  be  used  for  offsite  communications  while  the  site  is  manned.  The  phone 
will  be  equipped  with  an  autodialer  for  remote  communication  of  system  .shutdown  alarms 
when  the  site  is  not  manned. 

Other  Aspects  of  Pilot  Plant  Installation 

Other  a.spects  of  the  pilot  treatability  investigation  installation  include: 

•  Construction  of  gravel  treatment  pad 

•  Equipment  mobilization 

•  Mobilization  of  onsite  trailer  and  field  sampling  equipment 
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•  Installation  of  above  grade  PVC  piping  manifold  to  transport  extracted  soil 
vapors  to  process  equipment 

•  Installation  of  steel  manifold  to  connect  blowers  to  catalytic  oxidizer  system 

•  Installation  of  above  grade  carbon  steel  piping  for  the  hot  air  injection 
system 

•  Installation  of  hot  air  thermocouple  sensors 

•  Installation  of  security  fence 

•  Utility  connection  and  equipment  wiring 

Equipment  will  be  supplied  in  accordance  with  the  design  documents  developed  in  Phase  I. 
An  onsite  trailer  will  be  provided  to  serve  as  field  office  and  laboratory.  A  gas  chroma¬ 
tograph  (GC)  will  be  provided  to  analyze  a  portion  of  sample  data  generated  during  site 
operations  (Figure  4-3  presents  the  pilot  system  layout). 


Pilot  Plant  Operation 

The  pilot  plant  operation  will  include  three  tasks: 

•  Operation  and  monitoring  of  the  pilot  system 

•  Performance  of  mid-operation  soil  sampling  and  analytical  testing 

•  Performance  of  post-operation  soil  sampling  and  analytical  testing 

Operation  and  Monitoring  of  the  Pilot  System 

Operation  and  monitoring  of  the  pilot  system  will  entail  five  components: 

•  Pre-operation 

•  Initial  system  testing  and  shakedown 

•  System  startup 

•  Continued  operations 

•  Operation  of  hot  air  injection  system 

•  Post-operation 

The  pilot  system  is  planned  to  he  in  operation  for  approximately  6  months. 

Pre-Operation 

The  14  piezometers  at  Site  S  have  been  installed  throughout  the  vadose  zone  from  13  feet 
bgs  to  %  feet  bgs.  Each  piezometer  contains  a  narrow  screened  zone  (2-1/2  to  3  feet)  and 
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will  therefore  provide  soil  gas  concentrations  from  a  narrow  band  of  the  vadose  zone.  Each 
of  the  piezometers  will  be  sampled  prior  to  startup  of  the  SVE  system.  This  will  provide 
baseline  data  of  initial  soil  gas  concentrations  from  each  of  the  targeted  zones  in  the  waste 
pit,  intermediate  alluvial  zone,  and  deep  alluvial  zone.  Pre-operation  testing  will  last  less 
than  4  weeks. 

Initial  System  Testing  and  Shakedown 

After  all  equipment  and  piping  manifolds  are  installed,  the  system  will  be  checked  for 
safety  and  operational  effectiveness.  Terra  Vac  personnel  (technician  and  chemist)  will  be 
onsite  to  test  shutdown  controls  and  catalytic  oxidizer  efficiency.  Initial  testing  is  estimated 
to  last  1  week. 

System  Startup 

Terra  Vac  will  provide  operating  staff  to  monitor  system  performance  on  a  daily  basis 
(5  days  per  week)  during  startup.  It  is  estimated  that  startup  will  take  approximately 
5  weeks. 

The  goal  during  this  period  is  to  optimize  the  extraction  .system.  The  flow  rates  from  the 
individual  wells  will  be  balanced  to  maximize  the  mass  rate  of  contaminant  removal.  This 
is  also  the  period  when  the  system  is  changing  rapidly  and  adjustments  are  needed  on  a 
frequent  basis.  A  sample  operating  log  sheet  and  gas  chromatograph  log  sheet  are  included 
as  Figures  4-9  and  4-10. 

Intense  monitoring  during  startup  includes  vapor  .sampling  at  the  inlet  and  outlet  of  the 
vapor  treatment  system,  close  monitoring  of  wellhead  concentrations,  and  measurement  of 
the  subsurface  extent  of  vacuum  influence. 

Each  well  will  be  monitored  for  temperature,  vacuum,  and  flow.  In  addition,  each  wellhead 
will  contain  a  sample  port  for  onsite  GC  analy.si.s.  Flow  measurements  from  the  shallow, 
intermediate,  and  deep  zones  will  be  recorded  separately  before  flows  enter  the  vacuum 
pumps. 

Routine  process  monitoring  will  be  conducted  daily  until  concentrations  of  the  SVE  offgas 
(prior  to  treatment)  have  stabilized.  Process  monitoring  will  include  documentation  of 
flows,  pre.ssures,  and  .sampling  results  at  .several  key  locations  in  the  proce.ss.  Additionally, 
the  sy.stem  will  be  monitored  for  destruction  removal  efficiency  and  other  physical  parame¬ 
ters  to  maintain  trouble-free  and  safe  operations. 
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Continued  Operations 

During  the  remainder  of  the  pilot  test,  monitoring  of  system  operations  and  efficiency  will 
continue  with  field  personnel  and  the  onsite  laboratory.  Adjustments  in  extraction  well 
operation  will  continue  to  provide  optimized  remediation  parameters. 

After  the  extraction  rates  stabilize,  vapor  monitoring  with  onsite  GC  will  continue  at  the 
inlet  and  outlet  of  the  vapor  treatment  system,  but  individual  wellhead  monitoring  will  be 
reduced.  As  remediation  proceeds,  the  source  of  the  contamination  will  be  removed  and 
extraction  rates  will  decline.  Variations  in  the  subsurface  conditions  cause  the  cleanup  to 
proceed  at  different  rates  in  various  locations  of  the  site,  requiring  adjustment  in  vacuum 
and  flow  to  optimize  the  extraction  and  treatment  system. 

Soil  lithology,  well  depth,  length  of  screening  interval,  flow  rate,  mass  extraction,  vacuum 
at  the  wellhead,  radius  of  influence,  and  various  other  parameters  are  evaluated  before  the 
system  is  adjusted.  Optimization  of  mass  flow  rate  and  cumulative  removal  of  VOCs  is  the 
primary  objective,  and  can  be  accomplished  by  isolating  various  sectors  of  the  site  or 
distributing  vacuum  proportionally  among  the  wells.  Adjustments  are  based  on  empirical 
data  and  are  site-specific. 

If  startup  data  collected  indicate  weekly  averages  are  as  representative  as  daily  sampling, 
then  weekly  sampling  is  sufficient  to  track  mass  removal  rates,  and  a  reduced  monitoring 
pattern  is  proposed.  Once  the  initial  operating  period  is  complete  the  concentrations  will 
continue  to  decline  at  a  decelerated  rate,  making  reduced  monitoring  a  practical  altci  native. 
It  is  estimated  that  continued  operations  will  last  20  weeks. 

Operation  of  Hot  Air  Injection  System 

Midway  through  the  treatability  investigation,  additional  borings  will  be  installed  and  com¬ 
pleted  for  use  as  hot  air  injection  or  temperature  wells.  After  the  baseline  concentrations 
for  the  initial  SVE  system  are  recorded,  the  hot  air  injection  system  will  be  turned  on.  The 
injection  air  flow,  temperature,  and  pressure  will  be  recorded  as  required  to  quantify  heat 
loading  to  the  vadose  zone.  In  conjunction  with  recording  the  hot  air  injection  system 
parameters,  measurable  extraction  well  variables  will  be  documented  to  assess  their  effects 
on  SVE  removal  rates.  Vapor  concentration  monitoring  at  wellheads  and  for  mass  extrac¬ 
tion  calculations  will  continue  with  no  modification  to  procedure.  Additional  samples  will 
be  collected  early  in  system  operations  to  document  increa.se,  decrease,  or  no  change  in 
extraction.  Hot  air  injection  will  occur  during  continued  operations. 

Post-Operation 

Following  the  completion  of  the  pilot  system  operation,  the  wellheads  will  be  sampled  to 
estimate  the  contaminant  concentrations  in  the  soil  gas. 
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Once  the  gcals  of  Phase  in  have  been  met.  Terra  Vac  will  demobilize  equipment  from  the 
site  and  file  the  necessary  final  reports,  compiling  data  and  evaluating  the  effectiveness  of 
the  system  in  removing  volatile  organic  compounds  from  Site  S. 

Mid  Operation  Soil  Sampling 

After  the  pilot  system  has  been  in  operation  for  approximately  3  months,  it  is  planned  that 
soil  borings  will  be  installed  to  gather  soil  samples  for  analytical  testing.  Tentative  loca¬ 
tions  for  mid-operation  soil  borings  are  shown  on  Figure  4-11.  Actual  locations  will  be 
established  following  a  thorough  field  reconnaissance. 

Drilling,  Sampling,  and  Well  Installation 

Some  of  the  mid-operation  borings  will  extend  to  the  water  table,  and  some  of  tb  '  borings 
will  terminate  at  a  depth  of  approximately  40  feet.  After  the  sampling  is  complete,  hot  rir 
injection  weUs  will  be  constructed  within  the  pit  interval  in  each  of  the  borings.  Well 
installation  will  conform  to  the  details  shown  on  the  Phase  1  design  drawings. 

The  test  data  developed  from  these  samples  will  ind'cate  the  interim  effectiveness  of  the 
SVE  system  as  well  as  provide  baseline  data  for  measuring  the  effectiveness  of  hot  air 
injection  in  further  enhancing  contaminant  removal  and  degradation  of  pollutants  through 
bacterial  activity. 

Post-Operation  Soil  Sampling 

Following  completion  of  the  pilot  system  operation,  borings  will  be  installed  to  obtain 
samples  for  post-operation  testing.  Analytical  data  will  be  collected  for  comparison  to  the 
Phase  I,  II,  and  III  mid-operation  data.  Tentative  locations  for  the  post-operation  borings 
are  also  shown  on  Figure  4-11.  Actual  soil  boring  locations  will  be  determined  following  a 
thorough  field  reconnaissance.  In  addition,  the  14  piezometers  will  be  sampled  to  estimate 
the  overall  percent  reduction  of  contaminants  in  the  soil  gas. 

Drilling  and  Sampling 

Some  of  the  post-operation  borings  will  extend  to  the  water  table,  and  some  of  the  borings 
will  terminate  at  a  depth  of  approximately  40  feet.  Samples  will  be  collected  for  analysis 
and  comparison  to  pre-  and  mid-operation  soil  .samples.  After  the  sampling  is  complete,  the 
borings  will  be  grouted  and  abandoned  in  accordance  with  the  design  requirements. 
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Aircraft.  A21 -101  FFT  Size.  4096  points  Test  point;  TG04 

NLG  Strut  SNo;  AH6-234  Freq  Resolution:  0.244  Hz  Sample  Rate:  1000  Hz 

NLG  Configuration:  BCL3  Freq  Bin  Size:  0.244  Hz  Data  File:  0134_003.DAT 

Flight  Number  34  FFTs  overlaped  90%  Flight  Date:  23  Jun  91 
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Figure  P-5:  Configuration  BCL  s  -  Median 
Sequential  Power  Spectral  Densities  for  Strut  Laterally)  Accelerometer 
Spanning  the  Duration  of  the  Test 
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Aircraft:  A21 -101  FFT  Size:  4096  points  Test  point:  TG01 

NLG  Strut  SNo:  AH6-234  Freq  Resolution:  0.244  Hz  Sample  Rate;  1000  Hz 

NLG  Configuration:  BCL3  Freq  Bin  Size:  0  244  Hz  Data  File:  0132_003.DAT 

Flight  Number  32  FFTs  overlaped  90%  Flight  Date:  21  Jun  91 


Figure  P-6:  Configuration  BCL  s  -  Low  Tail 
Sequential  Power  Spectral  Densities  for  Strut  Laterally)  Accelerometer 
Spanning  the  Duration  of  the  Test 
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Figure  P-8:  Conriguration  B(X  s  -  Median 
Sequential  Power  Spectral  Densities  for  Strut  Laterally)  Accelerometer 
Spanning  the  Duration  of  the  Test  -  Contour  Plot 
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Figure  P-9:  Configuration  BCL  s  -  Low  Tail 
Sequential  Power  Spectral  Densities  for  Strut  Laleral(y)  Accelerometer 
Spanning  the  Duration  of  the  Test  •  Contour  Plot 
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Aircraft:  A2M  01  Test  point;  TG04 

NLG  Strut  SNo;  AH6-234  Sample  Rate:  1000 

NLG  Configuration:  BCL3  Data  File.  0134_00l 

Flight  Number  34  Flight  Date:  23  Jun 
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Figure  P-IO;  Configuration  BCL  s  -  Median 
Time  History  Plot  of  Fuselage  X,Y,Z  Accelerometer  ('hannels 


Figure  P-11:  Configuration  BC’L  s  -  Median 
Time  History  Plot  of  Strut  and  Fuselage  Y  Accelerometer  Channels 
Expanded  Scales  at  Time  of  Maximum  Y  Vibration  Power 


Figure  P-12:  Configuration  BCL  s  -  Median 
Comparison  of  Power  Spectral  Densities  for  Strut  and  Fuselage  Accelerometers 
at  Time  of  Maximum  Strut  Laterally)  Vibrational  Power 
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STATISTICAL  COMPARISONS  -  STRUT 
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Standard  Deviation  of  Acceleration 
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Figure  Q-l:  Strut  Lateral  (y)  Accelerometer 
Standard  Deviation  of  Acceleration 
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Strut  Lateral  (y)  Accelerometer 
Maximum  Total  Amplitude  of  Acceleration 
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Figure  Q-2:  Stmt  Lateral  (y)  Accelerometer 
Maximum  Total  Amplitude  of  Acceleration 
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Figure  Q-3:  Strut  Lateral  (y)  Accelerometer 
Maximum  Acceleration  Power 
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Primary  Shimmy  Frequency  (5  -  17  hz  range) 
at  Time  of  Maximum  Strut  Lateral  Acceleration 
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Figure  Q*4:  Strut  Lateral  (y)  Accelerometer 
Primary  Shimmy  Frequency  (5  -  17  hz  range) 
at  Time  of  Maximum  Strut  Lateral  Acceleration 
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Figure  R-1:  Fuselage  Lateral  (y)  Accelerometer 
Standard  Deviation  of  Acceleration 
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Figure  R-2:  Fuselage  Lateral  (y)  Accelerometer 
Maximum  Total  Amplitude  of  Accelertion 
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Figure  R-3:  Fuselage  Lateral  (yl  Accelerometer 
Acceleration  Power  at  time  of  Strut  Maximum  Power 
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Fuselage  Lateral  (y)  Accelerometer 
Primary  Frequency  (5  -  17  hz  range) 
at  Time  of  Maximum  Strut  Lateral  Acceleration 
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Figure  R-4:  Fuselage  Lateral  (y)  Accelerometer 
Primary  Frequency  (5-17  hz  range) 
at  Time  of  Maximum  Strut  Lateral  Acceleration 
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COMPARISON  OF  PRIMARY  CONFIGURATIONS 


s-i 


Aircraft;  A21-101  Test  points;  VARIOUS 

NLG  Strut  SNo:  AH6-234  Sample  Rate,  1 000  Hz 


power  (Seconds) 


Aircraft:  A21  -1 01  FFT  Size:  4096  points  Test  points:  VARIOUS 


Figure  S-2:  Comparison  of  PSD  for  Strut  Y  Accelerometer  Channels  for 
Typical  Test  Runs  at  Time  of  Maximum  V  Vibration  Power 
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Frequency  (Hz) 
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SHIMMY  DISTRIBUTION  DATA 


1.  The  data  in  Table  T-1  show  the  distribution  of  measured  shimmy  levels  for  each  of 

the  primary  strut  configurations  tested. 


Table  T-1:  Distribution  of  Shimmy  Levels  for  Primary  Configurations 


STRUT 

CONFIGURATION 

No  OF 
TESTS 

%  LIGHT 
SHIMMY 

%  MODERATE 
SHIMMY 

%  SEVERE 
SHIMMY 

N  s 

14 

43 

57 

0 

N  n 

5 

0 

0 

0 

B  s 

59 

2 

42 

56 

B  r 

5 

40 

40 

0 

BCL  w 

7 

14 

0 

0 

BCL  s 

22 

77 

0 

0 

BCL  1 

13 

54 

0 

0 

BCFAS  w 

9 

22 

0 

0 

BCFAS  s 

37 

49 

46 

0 

BCFAS  1 

7 

29 

0 

0 

BCFAS  n 

10 

10 

0 

0 
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Figure  U-1:  Strut  Lateral  (y)  Accelerometer 
Standard  Deviation  of  Acceleration 
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ABSTRACT 

In  April  1991  Officer  Commanding  ARDU  was  tasked  to 
develop  a  quantitative  measurement  system  for  Hornet  NLG 
shimmy  and  corduct  flight  trails  to  define  the  physical 
characteristics  of  the  NLG  Shimmy  in  (he  current  RAAF 
configuration  and  quantitatively  determine  the  reduction  of 
NLG  Shimmy  provided  by  the  MCAIR  proposed  modification, 
the  launch  bar,  and  a  number  of  other  factors. 

ARDU  instrumented  the  NLG  of  Hornet  A21-101  (which  was 
a  known  shimmy  aircraft)  with  two  tri-axial  accelerometers 
and  installed  the  programmable  data  acquisition  system  to 
record  the  output  of  these  accelerometers  and  various  other 
(light  parameters. 

This  Report  documents  the  results  of  this  task. 
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Section  5 


Sampling  Plan 


The  SVE  treatability  investigation  will  include  field  sampling  separated  into  two  phases. 
Phase  n  will  include  the  collection  of  soil  samples.  Phase  III  will  include  the  collection  of 
soil,  and  gas  samples.  Gases  include  soil  gas,  SVE  off  gas,  and  emissions  control. 


Soil  Samples 

Soil  sampling  during  the  installation  of  soil  borings  will  result  in  the  collection  of  a  iiini- 
mum  of  approximately  70  split- spoon  soil  samples  Irom  approximately  16  borings.  The 
following  provides  the  rationale  for  selecting  the  number  of  soil  borings  in  each  contami¬ 
nant  zone  during  each  phase. 

Selection  of  Soil  Borings 

During  Phase  I  of  the  SVE  treatability  .study,  dt;a  were  collected  from  all  three  depth 
zones.  Following  are  some  considerations  applicable  to  selection  of  boring  locations  for 
data  collection  for  the  Phase  II  and  I  nr’  e  III  segments  of  the  SVF  tabilitv  investigation. 

•  Deep  zone  borings  installed  through  .he  waste  pit  will  yield  samples  from  all 
three  contan-  'n-  't  zones  a"-1  provide  lithologic  data  at  one  location. 

•  Interr  .n  "  zon'  borings  installed  through  the  waste  pit  will  yield  soil 
sample’  ^m  the  intermediate  zone  and  the  wa.ste  pit. 

•  Waste  pit  borings  will  be  valuable  for  collection  of  waste  pit  .soil  samples 
onb 

use  II 

During  Phase  II,  approximately  15  wells  (6  in  the  waste  pit,  5  in  the  intermediate  alluvial 
zone,  and  4  in  the  deep  alluvial  zone)  will  be  installed  at  Site  S  for  installation  of  the 
process  equipment  and  operation  of  the  pilot  .system.  During  the  installation  of  these  wells, 
six  borings  will  be  sampled  to  collect  additional  data  to  be  used  in  the  evaluation  of  the 
objectives  outlined  in  Section  3.  The  remaining  wells  will  be  visually  logged  prior  to 
installation. 

During  Phase  II,  three  of  the  waste  pit  borings  and  three  deep  alluvial  zone  borings  will  be 
sampled.  The  reasons  for  selecting  these  borings  for  .sample  collection  include  the  follow¬ 
ing: 


cvoRxi/o<n.5i 


5-1 


Most  soil  samples  collected  during  Phase  1  were  from  the  waste  pit 
(37  percent)  and  deep  alluvial  zone  (40  percent.)  Intermediate  depth 
alluvium  samples  account  for  only  23  percent  of  samples  collected.  There¬ 
fore,  more  data  are  needed  from  the  intermediate  alluvial  zone. 


These  six  borings  in  conjunction  with  samples  collected  during  Phase  I  will 
provide  a  reasonable  areal  distribution  of  borings  given  the  size  of  Site  S. 
Furthermore,  six  additional  borings  provide  a  boring  spacing  of  approximate¬ 
ly  30  feet,  as  was  originally  used  during  the  Phase  I  site  characterization. 


Wells  will  be  installed  through  the  waste  pit  during  Phase  II.  The  wells  will 
be  placed  to  target  suspected  or  previously  identified  hot  spots  in  the  pit. 


•  Intermediate  depth  borings  wiU  be  located  within  5  feet  of  deep  borings. 
Because  of  the  close  proximity  to  the  deep  borings,  intermediate  depth  borin¬ 
gs  will  not  be  lithologically  logged  or  sampled. 


Phase  III  Mid-Operation 


Four  hot  air  injection  wells  will  be  installed  in  the  waste  pit  and  upper  intermediate  alluvial 
zones  during  the  mid-operation  sampling  period.  To  take  advantage  of  the  soil  borings 
performed  during  the  installation  of  these  wells,  soil  samples  will  be  collected  from  each 
hot  air  injection  boring. 


Phase  III  Post-Operation 


Based  on  the  maximum  number  of  soil  samples  proposed  for  Phase  III  post-operation,  two 
waste  pit  borings,  two  intermediate  alluvial  borings,  and  two  deep  borings  will  be  neces¬ 
sary.  This  number  of  borings  will  provide  an  adequate  areal  and  vertical  distribution  of 
samples  in  each  zone  to  evaluate  the  SVE  treatability  investigation  objectives. 


Table  5-1  summarizes  the  number  of  soil  borings  to  be  sampled  during  Phases  II  and  III 
the  SVE  treatability  investigation.  Figure  4-11  presents  a  preliminary  plan  for  locations 
the  soil  borings  to  be  installed  during  the  SVE  project. 
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Table  5-1 

Number  of  Soil  Borings  to  be  Sampled,  Phases  11  and  HI 

Phase 

Waste  Pit 

Intermediate 

Alluvium 

Deep 

Alluvium 

Total 

11  Pre-operation 

“ 

5 

3 

8 

III  Mid-operation 

- 

4 

- 

4 

III  Post-operation 

2 

2 

2 

6 

Total 

2 

11 

5 

18 

This  provides  an  adequate  areal  distribution  of  sampling  locations  to  evaluate  the  SVE  treat- 
ability  investigation  objectives.  Table  5-2  summarizes  the  number  of  borings  from  which 
samples  can  be  collected  in  each  contaminant  zone. 


Table  5-2 

Number  of  Boring  Locations  Sampled  in  Each  Contaminant  Zone 

Phase 

Waste  Pit 

Intermediate 

Alluvium 

Deep  Alluvium 

II  Pre-operation 

8 

8 

3 

III  Mid-operation 

4 

4 

- 

111  Post-operation 

6 

4 

2 

Total 

18 

16 

5 

Selection  of  Soil  Samples 

Guidelines  for  collecting  soil  samples  for  analysis  during  Phase  11  are  presented  in 
Table  5-3.  Guidelines  for  sample  collection  during  Phase  111  are  presented  in  Tables  5-4 
and  5-5. 

Analytical  Testing  of  Soil  Samples 

Table  5-6  summarizes  the  soil  analyses  to  be  performed  as  a  part  of  the  SVE  treatability 
investigation. 
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Soil  Sample  Collection 


Soil  borings  will  be  drilled  with  hollow  stem  augers.  The  waste  pit  borings  will  be  drilled 
to  depths  suitable  to  verify  the  bottom  of  the  pit,  estimated  to  be  approximately  25  feet 
below  ground  surface.  The  intermediate  borings  will  be  drilled  to  the  approximate  base  of 
the  low  permeability,  high  concentration  zone  between  the  bottom  of  the  pit  and  a  depth  of 
about  40  feet  below  ground  surface.  The  deep  borings  will  be  drilled  to  groundwater  or 
approximately  100  feet  below  ground  surface.  Representative  formation  samples  will  be 
collected  by  driving  split  spoons  ahead  of  the  augers  in  accordance  with  ASTM  D-1586 
procedures  for  standard  penetration  resistance  test  in  soils.  Field  logging  will  be  completed 
by  the  onsite  staff  under  the  direction  of  a  registered  civil  engineer  or  geologist. 

Samples  will  be  obtained  at  5-foot  intervals  from  grade  to  total  depth  in  some  borings. 
The  remaining  borings  will  be  visually  logged  during  drilling.  The  samples  will  be  collect¬ 
ed  using  a  modified  2-inch-diameter  split-spoon  sampler  fitted  with  four  6-inch-long  brass 
sleeves  (Figure  5-1).  Sampling  procedures  include: 

•  Prior  to  sample  collection  for  chemical  analysis,  the  split-spoon  and  brass 
sleeves  will  be  thoroughly  decontaminated  as  oudined  in  the  decontamination 
section. 

•  The  sampler  will  be  driven  18  inches  into  the  undisturbed  soil,  or  until  refus¬ 
al,  and  blow  counts  will  be  recorded  (ASTM  D-1586). 

•  Upon  opening  the  sampler,  the  second  liner  from  the  bottom  will  immediate¬ 
ly  be  trimmed  and  removed  from  the  spoon  and  capped  with  teflon  tape  and 
PVC  slip  caps.  The  liner  will  be  numbered  and  labeled  for  offsite  analysis. 

•  Immediately  upon  capping  and  labeling,  the  two  center  liners  will  be  placed 
in  an  iced  cooler.  The  samples  designated  for  offsite  analysis  will  later  be 
shipped  under  chain  of  custody  to  the  analytical  laboratory. 

•  The  remaining  soil  in  the  liner  will  be  used  for  soil  logging  per  CH2M  HILL 
Soil  Boring  Log  Guidelines  (Appendix  B)  and  Air  Force  data  management 
requirements. 

To  obtain  valid  microbial  population  counts  representative  of  the  soil  environment  being 
sampled,  the  brass  liner  should  be  clean  and  free  of  any  debris.  If  there  is  any  indication  of 
contamination,  it  should  be  flame-sterilized  using  a  propane  torch  immediately  prior  to  use. 
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Table  5-6 

Soil  Sampling  Frequency 


Analysis 


Physical  Properties 


Total  Petroleum 
Hydrocarbons 


Total  Organic 
Carbon 


Microbiological 

Assay 


Chemical  Oxygen 
Demand 


ortho-Phosphate 

Phosphorus 


P  =  Waste  Pit  I  =  Intermediate  Alluvium  D  =  Deep  Alluvium 
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Gas  Samples 


Soil  gas  (piezometer  samples),  SVE  offgas,  and  emissions  control  sampling  will  occur 
throughout  Phase  in  of  the  SVE  treatability  investigation.  SVE  offgas  can  be  further  divid¬ 
ed  into  three  components:  1)  extraction  wells,  2)  extraction  well  manifolds,  and  3)  transfer 
piping.  A  schematic  presentation  of  the  SVE  offgas  sample  locations  is  shown  in 
Figure  3-1. 

Analytical  Testing  of  Gas  Samples 

Table  5-7  summarizes  the  soil  gas,  SVE  offgas,  and  emissions  control  analyses  to  be 
performed  as  a  part  of  the  SVE  treatability  investigation. 

Preoperation 

Soil  gas  samples  collected  at  the  piezometers  will  be  analyzed  for  VOCs,  total  nonmethane 
hydrocarbons,  carbon  dioxide,  oxygen,  and  methane  during  the  preoperation  period. 

Initial  Testing,  Startup,  and  Continued  Operation 

During  the  1-week  initial  testing,  5-week  startup,  and  20- week  continued  operation  periods, 
soil  gas,  SVE  offgas,  and  emissions  control  samples  will  be  collected.  Soil  gas  samples 
will  be  analyzed  for  VOCs  and  total  nonmethane  hydrocarbons.  In  addition,  soil  gas  will 
be  monitored  for  carbon  dioxide  and  oxygen  content  and  OURs  performed.  SVE  offgas 
samples  collected  with  canisters  will  be  analyzed  for  VOCs  and  total  nonmethane  hydrocar¬ 
bons.  Gas  samples  collected  with  syringes  will  be  analyzed  for  VOCs.  In  addition,  carbon 
dioxide  and  oxygen  content  will  be  monitored  in  certain  extraction  well  manifolds  and  the 
transfer  piping. 

Emissions  control  samples  will  be  analyzed  for  hydrochloric  acid,  dioxins,  VOCs,  and  total 
nonmethane  hydrocarbons. 

Post-Operation 

Post-operation  sampling  will  be  limited  to  VOCs  in  the  soil  gas  since  the  SVE  system  will 
have  been  shut  down. 
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Gas  Sample  Collection 


Soil  gas  samples  will  be  collected  from  the  piezometer  well  heads;  there  are  14  piezometers 
installed  at  Site  S.  SVE  offgas  extraction  well  samples  will  be  collected  from  the  convey¬ 
ance  piping  from  each  of  the  17  vapor  extraction  wells  to  be  installed  at  the  site.  There  are 
three  SVE  offgas  extraction  well  manifolds;  one  corresponding  to  each  contaminant  zone. 
Transfer  piping  and  emissions  control  samples  will  be  collected  from  either  side  of  the 
emissions  control  system.  Figure  5-2  presents  the  sample  collection  points  for  the  SVE 
offgas  extraction  well  manifolds,  SVE  offgas  transfer  piping,  and  emissions  control  system. 
Figure  5-3  presents  a  cross-section  of  the  piezometer  screen  locations. 

Canister  sampling  will  be  used  to  collect  TO- 14  and  some  TO- 12  samples.  Tedlar  bag 
sampling  will  be  used  to  collect  certain  TO- 12  samples  when  the  gas  concentration  is  in 
excess  of  10  ppmv  as  measured  with  an  OVA  meter.  Syringe  sampling  will  be  used  to 
collect  onsite  GC  samples. 

Following  the  startup  period  of  SVE  operation,  the  target  analyte  list  for  a  matrix  may  be 
reduced  to  include  only  those  analytes  determined  to  be  characteristic  of  that  matrix.  Peri¬ 
odically,  but  no  less  frequent  than  once  every  2  weeks,  a  full  scan  TO- 14  analysis  will  be 
performed  for  each  matrix.  This  will  ensure  the  target  analytes  selected  to  be  included  on 
the  reduced  analyte  list  remain  those  characteristic  of  the  matrix. 

Canister  Samples 

Soil  gas,  SVE  offgas,  and  emissions  control  samples  for  the  SVE  pilot  te.st  will  be  collect¬ 
ed.  Canister  samples  will  be  collected  following  the  guidance  offered  in  EPA's  "Compendi¬ 
um  of  Methods  for  the  Determination  of  Toxic  Organic  Compounds  in  Ambient  Air,"  EPA 
4-S4-041 -April  1984.  The  .specific  methods  to  be  u.sed  are: 
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•  TO- 14,  '  Determination  of  Volatile  Organic  Compounds  (VOCs)  in  Ambient 
Air  Using  SUMMA  Passivated  Canister  Sampling  and  Gas  Chromatography 
Analysis." 

•  TO-12,  "Determination  of  Non-Methane  Organic  Compounds  (NMOC)  in 
Ambient  Air  Using  Cryogenic  Preconcentration  and  Direct  Flame  Ionization 
Detection  (PDFID)." 

Evacuated.  SUMMA  polished  canisters  will  be  used  to  collect  soil  gas  samples  from  the 
vacuum  extraction  system  and  piezometers  at  approximately  -10  inches  Hg  and  at  55°F. 
The  exact  location  for  sample  collection  will  be  determined  in  the  field  by  the  field  team 
leader,  but  in  principal  a  sample  port/tap  will  be  placed  in  the  gas  exhaust  line  after  the  gas 
has  exited  the  soil  vapor  extraction  well  and  prior  to  the  vacuum  pump  or  at  the  piezometer 
well  head.  After  passing  the  sample  tap  the  gas  enters  the  carbon  canister  exhaust  gas 
treatment  system.  The  line  at  the  sample  tap  is  expected  to  maintain  a  vacuum  of  approxi¬ 
mately  -10  inches  Hg. 

The  canisters  will  be  used  and  samples  collected  in  the  vacuum  mode.  That  is  to  say,  the 
vacuum  in  the  clean  canister  (near  30  inches  Hg)  will  be  used  to  pull  the  sample  out  of  the 
SVE  duct  or  piezometer  casing  and  deliver  it  to  the  canister.  A  flow  regulator  will  be  used 
to  control  the  sample  rate  and  maintain  it  near  constant  over  the  prescribed  course  of  the 
sample  collection  period.  The  desired  sample  rate,  determined  by  the  size  of  the  canister 
and  the  length  of  sample  period,  will  be  preset  using  a  Mini-Buck  calibrator  or  calibrated 
rotometer  by  the  laboratory  prior  to  shipment  to  the  field.  The  preset  rate  will  be  confirmed 
during  sample  collection  at  various  time  intervals  by  checking  the  canister  pre.ssure  gauge 
and  comparing  that  value  to  the  elapsed  time.  The  appropriate  integration  period  and  flow 
rate  will  be  determined  for  each  type  of  .sample  being  collected. 

The  final  canister  pressure  will  always  be  less  than  that  of  the  pressure  in  the  SVE  line  to 
maintain  cani.ster  integrity.  For  example,  if  the  line  pressure  is  -10  inches  Hg,  the  .sample 
will  be  stopped  with  the  cani.ster  at  approximately  -12  inches  Hg.  This  procedure  allows 
monitoring  of  the  canister  for  leaks  after  sampling  and  during  shipment  and  also  preserves/ 
stabilizes  the  sample  in  the  gas  pha.se  prior  to  analysis. 

Prior  to  .sample  collection,  each  canister  will  be  cleaned  in  the  lab  as  follows: 

•  Using  exponential  dilution,  each  cani.ster  will  be  rinsed  several  times  with 
ultra  high  purity  nitrogen. 

•  Each  canister  will  be  subsequently  placed  in  an  oven  (125°C)  and  connected 
to  a  high  vac.  pump.  Heat  and  vac.  will  be  applied  until  the  canister  pres¬ 
sure  is  <5mTorr  (EPA  spec:  SOmTorr). 

•  Certification  will  be  done  using  GC/MS  with  surrogate  spike.s.  At  least 
10  percent  of  the  canisters  will  be  certified. 
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Following  cleaning,  the  canisters  will  be  evaluated  and  evacuated  in  the  laboratory.  Addi¬ 
tionally,  those  containers  to  be  used  for  spike  sample  preparation  and  blanks  will  be  humidi¬ 
fied.  All  canisters  used  on  the  project  will  be  prescreened  and  10  percent  of  the  canisters 
verified  clean  to  a  level  of  <0.2  ppbv  of  any  target  organic  species  or  20  ppbv  total  chroma- 
tographical  organics.  After  analysis,  the  canisters  will  be  evacuated  to  a  level  of  at  least 
-27  inches  Hg  and  the  absolute  pressure  recorded.  A  stainless  steel  2-micron  filter  will  be 
attached  to  each  flow  controller  prior  to  shipment  to  remove  particulate  material  in  the  gas 
stream  prior  to  entering  the  canister. 

Soil  Gas.  To  collect  a  SVE  canister  soil  gas  sample  and  equipment  blank,  the  following 
procedure  shall  be  followed: 

1.  All  sample  manifold  components  will  be  removed  from  shipping  containers  and 
inspected  for  damage.  The  canister  vacuum  will  be  verified  with  a  pressure/vacuum 
gauge  (acceptable  range  27-inch  Hg  or  greater  vacuum). 

2.  Flow  controllers,  filters,  and  manifold  fittings  will  be  tagged  as  dedicated  inlet 
sample  stream  components  and  the  reference  number  on  the  flow  controller  noted  on 
the  sample  location  log  shown  in  Figure  5-4. 

3.  The  sample  manifold  will  be  assembled  as  shown  in  Figure  5-5  with  the  well  head 
connection  and  sample  lines  temporarily  capped  and  all  in-line  valves  opened. 

4.  An  ultra  high  purity  (UHP)  Nj  or  LJHP  air  supply  cylinder  will  be  connected  to  the 
purge  pump  side  of  the  manifold  (outlet)  and  pressure  regulated  to  approximately 
5  psig. 

5.  Leak  detection  fluid  will  be  applied  to  each  manifold  connection  in  turn  and  leaking 
fittings  tightened  to  a  leak-free  condition  as  evidenced  by  an  absence  of  bubbling  in 
the  leak  detection  fluid. 

6.  Leak  detection  fluid  will  be  flushed  from  the  connection  with  high  purity  water  and 
then  each  connection  wrapped  tightly  with  1/2-inch  teflon  tape.  Prior  to  closing  off 
the  UHP  gas  supply,  equipment  blank  samples  may  be  collected  by  temporarily 
removing  the  carbon  canister,  replacing  the  UHP  gas  supply  in  its  place,  closing  one 
of  the  sample  line  valves,  removing  the  cap  from  the  end  of  the  sample  line,  and 
connecting  the  canister.  Sample  line  and  cani,ster  valves  will  then  be  opened  and  the 
UHP  equipment  blank  collected. 

7.  Sample  line  valves  will  be  clo.sed  and  end  caps  removed. 

S.  The  UHP  gas  supply  will  be  removed  and  the  carbon  canister  and  purge  pump 
attached  to  the  outlet  of  the  manifold. 

9.  A  suitable  volume  (at  least  five  well  volumes)  will  be  purged  from  the  piezometer 
casing  through  the  carbon  canister. 
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Figure  5-4 


Sample  Location  Log 


Soil  Vapor  ExtractFon>Pi!ot  Test  Sampling  Sampiing  Location 


Project  Number 
Date _ 


5 

6 

7 

8 


Names  and  Company  of  Personnel  Present 

1 _ 

2 _ 

3  _ 

4  _ 


Canister  Data 

Lab  ID  No.  CH2M  Initial 

HILL  Vacuum 


I  Probe  Data  I 

CH2M  HILL  Inrtial  5  Minute  I 

Sample  ID  Vacuum  Vacuum 


Syringe  Data 

ID  No. 


Sampling! 

ata 

Time 

Duct  Temp 

Duct  Vacuum 

ID  No. 

Canister  Vacuum  Readings  -  in  Hg 

I 

ID  No. 

Duct  Vacuum  Reading  -  in  Water 

_ J _ 

10.  With  the  purge  pump  in  operation,  each  sample  line  will  be  connected  to  an  auxilia¬ 
ry  pump  (with  carbon  tube  in-line)  to  flush  the  line  with  sample  gas. 

Sample  line  valves  will  be  opened  and  the  auxiliary  pump  allowed  to  purge  enough 
sample  gas  through  the  line  to  flush  any  air  remaining  (two  to  three  sample  line 
volumes).  The  sample  valve  will  be  closed,  and  the  sample  container  connected  to 
the  sample  line  immediately  upon  removing  the  auxiliary  purge  pump  from  each 
line.  This  final  connection  will  be  wrapped  with  teflon  tape. 

11.  All  sample  line  valves  will  be  opened  fully  and  sampling  start  times  noted  on  the 
sample  location  log.  Periodically  throughout  the  selected  sampling  period,  the  time 
and  sample  container  pressure  will  be  recorded  on  the  sample  location  log  to 
confirm  appropriate  sample  integration. 

12.  Sample  container  valves  and  then,  any  in-line  valves  will  be  closed  when  the  desired 
vacuum  (measured  by  the  canister  vacuum  gauge)  is  reached  in  the  canisters.  The 
vacuum  should  be  no  less  than  2  inch  Hg  greater  than  the  vacuum  measured  in  the 
sample  manifold.  Sample  end-times  are  recorded  on  the  sample  location  log. 

13.  The  main  purge  pump  may  be  shut  down,  the  manifold  disconnected  from  the  quick 
connect,  and  the  well  head  capped. 

14.  The  canisters  are  removed,  capped,  labelled,  and  prepared  for  shipment  to  the  labo¬ 
ratory. 

15.  The  manifold  is  disassembled  and  fittings  stored  in  a  clearly  marked  storage  contain¬ 
er  to  be  prepared  for  reuse.  Teflon  sample  line  is  discarded.  Filters  and  flow 
controllers  are  prepared  for  return  to  the  laboratory. 

SVE  Offgas  and  Emissions  Control.  To  collect  a  SVE  offgas  sample,  the  following 

procedure  will  be  followed: 

1.  All  sample  probe  components  will  be  removed  from  shipping  containers  and  inspect¬ 
ed  for  damage.  The  canister  vacuum  will  be  verified  with  a  pressure/vacuum  gauge 
(acceptable  range  greater  than  27-inch  Hg  vacuum). 

2.  Flow  controller,  filter,  and  manifold  fittings  will  be  tagged  as  dedicated  inlet  sample 
stream  components  and  the  reference  number  on  the  flow  controller  noted  on  the 
sample  location  log  shown  in  Figure  5-4. 

3.  The  assembled  sample  probe  will  be  connected  to  the  quick  connect  as  shown  in 
Figure  5-6  with  the  probe  tip  capped  and  canister  removed.  For  emissions  control 
samples  the  assembly  will  be  as  shown  in  Figure  5-7. 

4.  A  UHP  Nj  or  UHP  air  supply  cylinder  will  be  connected  to  the  outlet  end  and  pres¬ 
sure  regulated  to  approximately  5  psig. 
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NOTE:  CANISTER  SAMPLE  TRAIN  MAY  BE  REPLACED 
BY  TEDLAR  BAG  SAMPLE  APPARATUS  FOR 
TO-  12  SAMPLE  COLLECTION.  TEDLAR  BAG 
APPARATUS  SHOWN  ON  FIGURE  5-8. 


FIGURE  5-6 
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5.  Apply  leak  detection  fluid  to  each  probe  connection  in  turn  and  tighten  leaking 
fittings  to  a  leak-free  condition  as  evidenced  by  an  absence  of  bubbling  in  the  leak 
detection  fluid. 

6.  Flush  the  leak  detection  fluid  from  the  connection  with  high  purity  water  and  then 
wrap  each  connection  tightly  with  1/2-inch  teflon  tape. 

7.  Attach  "dummy"  evacuated  canister  securely  to  the  outlet  fitting  and  open  its  valve. 
Record  the  initial  vacuum  once  the  canister  has  evacuated  the  probe. 

8.  Record  the  vacuum  again  after  5  minutes.  There  should  have  been  negligible 
change  (<2-inch  Hg).  If  the  vacuum  decreased  measurably,  repeat  Steps  1  through 
6. 

9.  After  the  probe  is  determined  to  be  leak-free,  remove  the  inlet  end  cap  and  fitting 
and  attach  the  probe  to  the  swagelok  stainless  steel  quick  connect  manifold  at  the 
selected  sampling  location. 

10.  Prior  to  attaching  the  sample  canister,  the  probe  line  will  be  flushed  with  sample  gas 
using  the  auxiliary  purge  pump  and  carbon  filter.  Firmly  attach  the  sample  canister 
to  the  outlet  side  of  the  probe  assembly  and  tightly  wrap  this  connection  with  1/2- 
inch  teflon  tape. 

1 1 .  Initiate  sampling  by  completely  opening  the  canister  valve  and  record  the  time  and 
initial  vacuum  on  the  sample  location  log. 

12.  Periodically  throughout  the  selected  sampling  period,  record  the  time  and  sample 
container  pressure  on  the  sample  location  log  to  confirm  appropriate  sample  integra¬ 
tion. 

13.  Close  the  canister  valve  and  any  in-line  valves  when  the  desired  vacuum  (measured 
by  the  canister  vacuum  gauge)  is  reached  in  the  canister.  The  vacuum  should  be  no 
less  than  2  inch  Hg  greater  than  the  vacuum  measured  in  the  sample  manifold. 

14.  Disconnect  the  probe  from  the  quick  connector.  Then  record  sample  end-time  on 
the  sample  location  log. 

15.  Remove,  cap,  label,  and  prepare  the  canister  for  shipment  to  the  laboratory. 

16.  Disassemble  and  store  pieces  of  the  probe  in  a  clearly  marked  storage  container  to 
be  returned  to  the  laboratory. 
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Tedlar  Bag  Samples 

The  following  matrices  may  be  sampled  for  analysis  by  EPA  Method  TO- 12  using  Tedlar 
bags: 


•  Soil  gas 

•  SVE  off  gas 

Extraction  wells 
Extraction  well  manifolds 
Transfer  piping 

Only  medium  to  high  concentration  samples  will  be  collected  using  this  technique  (>10  ppm 
using  an  OVA  as  a  screening  test),  because  of  concerns  with  analyte  adsorption  to  the  walls 
of  the  Tedlar  bags,  and  other  low  concentration  interferences. 

The  samples  will  be  collected  by  attaching  the  Tedlar  bag  sampling  apparatus,  presented  in 
Figure  5-8,  to  the  sampling  manifold  in  place  of  one  or  more  canisters. 

The  sampling  system  consists  of  Teflon  tubing,  a  pump,  and  a  rigid-wall  container  that 
holds  a  sample  bag.  The  sample  bag  is  constructed  of  5-mil  tedlar  with  a  stainless  steel 
entry  port  and  valve.  The  principal  advantages  of  the  sampler  are  that  the  sample  gas 
contacts  only  noncontaminating  Teflon  tubing  and  stainless  steel  swagelock  connectors 
before  it  enters  the  sample  bag,  and  that  the  Tedlar,  Teflon  and  stainless  components  can  be 
decontaminated  for  reuse. 

For  collection  of  gas  samples,  the  sample  line  is  purged  and  connected  to  the  rigid-wall 
sample  container,  and  the  sample  gas  is  extracted  at  a  rate  of  approximately  1  liter  per 
minute  until  the  .sample  bag  is  full,  usually  4  to  5  minutes  later. 

After  collection,  the  sample  gas  bags  are  delivered  to  the  laboratory  for  testing. 

To  prevent  contamination  between  low  and  higher  concentration  samples,  two  precautions 
will  be  taken.  First,  sampling  apparatus  that  are  dedicated  to  high  or  low  concentration 
samples  will  be  used.  Second,  before  each  use,  the  Teflon  tubing,  stainless  fittings,  and 
valves  will  be  decontaminated  by  rinsing  with  deionized  water  at  d  drying  with  zero-grade 
air. 

The  Tedlar  bag  samples  will  be  collected  using  the  following  procedure; 

1.  Clean  the  .sampling  apparatus  tubing  and  fittings  by  flushing  with  zero-grade  air. 
The  Tedlar  bag  .sampling  apparatus  will  be  connected  into  the  cani.ster  .sampling 
system. 


cV()Rxi/n<)3.si 


5-27 


2.  Flush  each  Tedlar  bag  tnree  times  with  zero  air. 

3.  A  purge  pump  with  charcoal  tube  in  line  will  be  connected  to  the  inlet  line.  The 
sample  lines  will  then  be  flushed  with  sample  gas. 

4.  Open  the  sample  valve  on  the  Tedlar  bag  and  insert  it  into  the  vacuum  ves.sel, 
connecting  it  to  the  tubing  on  the  sample  inlet  lire.  Replace  the  vessel  lid,  making 
sure  it  is  sealed. 

5.  Perform  a  system  leak  check  by  plugging  the  sample  inlet  line  and  applying  a  vacu¬ 
um  to  the  system.  Observe  the  sample  bag  for  several  minutes  to  insure  it  is  not 
inflating  from  a  leak  in  the  system. 

6.  Connect  the  sample  inlet  line  and  begin  collecting  the  sample  at  a  rate  of  approxi¬ 
mately  1  liter/minute  until  the  sample  bag  is  full. 

7.  After  the  bag  is  full,  close  the  bag  valve  and  disconnect  from  the  sample  line. 

8.  Label  the  bag,  place  in  a  container  impervious  to  lights,  and  send  to  the  laboratory 
by  next-day  delivery  .service.  Do  not  send  full  bags  using  air  freight  to  prevent 
rupture  of  the  bag  in-flight. 

Syringe  Samples 

VOCs  are  regulated  toxic  chemicals  and  should  be  treated  with  care  to  avoid  personal  and 
environmental  contamination.  When  sampling  vapors  from  the  vacuum  system,  it  will  be 
considered  that  the  air  stream  is  contaminated  with  VOCs.  Care  should  be  taken  so  that  no 
contaminated  air  is  discharged  to  the  atmosphere. 

Following  is  a  list  of  equipment  needed  for  sampling  using  the  onsite  GC  method: 

•  Clean  and  well-lighted  work  area 

•  Hamilton  Gastight  Syringes,  500-ul  size 

To  collect  a  sample  of  soil  vapor  for  onsite  GC  analysis,  the  following  procedure  will  be 
used: 

1.  Install  a  syringe  septum  fitting  into  the  sampling  location  on  the  SVE  duct  or  on  the 
piezometer  manifold. 

2.  Purge  syringe  with  clean  air  and  test  syringe  for  leaking  plunger  and  tight  needle. 

3.  Insert  the  clean  syringe  through  the  septum  to  reach  the  midpoint  in  the  duct  or  to 
be  well  into  the  sample  line  for  soil  gas. 
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4. 


Close  the  syringe  valve  and  withdraw  the  plunger. 


5.  Open  the  syringe  valve  and  push  the  plunger  into  the  syringe  to  flush  the  syringe 
with  sample  gas. 

6.  Close  the  syringe  valve  and  withdraw  the  plunger  to  collect  the  sample. 

7.  Stopper  the  syringe. 

8.  Log  time,  location,  well  head  vacuum,  flow,  and  return  sample  to  GC. 

Oxygen  Uptake  Rate  Samples 

Oxygen  Uptake  Rates  (OUR)  will  be  performed  in  the  soil  gas.  The  OUR  measurement 

procedure  is  as  follows; 

1.  Turn  off  the  vapor  extraction  pumps. 

2.  Using  a  small  vacuum  pump  (less  than  1  scfm  of  flow),  purge  three  volumes  of  gas 
from  the  piezometer,  and  then  collect  a  soil  gas  sample  from  the  screened  level. 

3.  Analyze  the  soil  gas  sample  for  oxygen  and  carbon  dioxide  using  an  02/C02  meter. 
The  temperature  and  relative  humidity  will  be  measured  once  during  each  OUR  test 
in  conjunction  with  the  initial  Oj  and  COj  sample.  The  soil  gas  temperature  and 
relative  humidity  will  be  measured  by  lowering  a  hand-held  thermometer  and  humid¬ 
ity  gauge  into  each  piezometer  to  the  screened  level.  Cap  the  piezometer  after 
sampling. 

4.  Repeat  sampling  at  each  piezometer  at  3-hour  intervals  (initially)  to  develop  a  plot 
of  oxygen  uptake  and  carbon  dioxide  production  over  time.  The  sampling  intervals 
can  be  lengthened  for  slow  oxygen  uptake  rates.  A  target  oxygen  content  decrease 
of  2  to  4  percent  between  measurements  should  be  used  to  determine  appropriately 
spaced  sampling  intervals.  The  initial  oxygen  concentration  should  be  near 
20  percent.  Terminate  the  study  when  the  oxygen  concentration  decreases  to 
5  percent  in  each  piezometer. 

5.  The  OUR  is  equal  to  the  slope  of  the  linear  portion  of  the  oxygen  uptake  versus 
time  plot.  TTie  carbon  dioxide  production  rate  should  mirror  the  oxygen  uptake  rate 
an  is  equal  to  the  slope  of  the  linear  portion  of  the  carbon  dioxide  versus  time  plot. 

Other  Samples 

Both  canister  and  onsite  GC  samples  will  be  collected  for  th  :  emissions  control  system 

operation.  In  addition,  stack  emis.sion.s  will  be  monitored  for  Hydrochloric  acid  and  dioxins. 
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Hydrochloric  Acid.  To  collect  a  sample  of  emission  control  system  exhaust  gas  for  analy¬ 
sis  for  HCl,  the  procedures  outlined  in  Method  26 — Determination  of  Hydrogen  Chloride 
Emissions  from  Stationary  Sources  will  be  followed.  This  method  is  presented  in  Appen¬ 
dix  H. 

Dioxins.  To  collect  samples  of  emission  control  system  exhaust  gases  for  analysis  of 
dioxins,  the  procedures  outlined  in  Method  23 — Determination  of  Polychlorinated  Dibenzo- 
p-Dioxins  and  Polychlorinated  Dibenzofurans  from  Stationary  Sources  will  be  followed. 
This  method  is  presented  in  Appendix  I. 


Quality  Control  Samples 

The  purpose  of  the  field  quality  control  program  is  to  provide  a  measure  of  data  quality. 
Field  duplicates  indicate  the  precision  of  the  overall  sampling  and  analysis  event,  and 
matrix  spike/matrix  spike  duplicates  indicate  the  precision  and  accuracy  of  the  laboratory 
analyses.  The  following  duplicate  samples  will  be  collected  during  the  SVE  Demonstration 
Project. 

•  Field  Duplicates.  For  air  samples,  field  duplicates  will  be  collected  at  a 
frequency  of  one  per  twenty  samples.  Field  duplicates  will  not  be  collected 
for  soil  samples.  All  field  duplicates  will  be  identified  in  the  field  and  on 
the  sample  chain-of-custody. 

•  Matrix  Spike/Matrix  Spike  Duplicates.  For  soil  samples,  MS/MSD  will  be 
performed  at  a  frequency  of  one  per  twenty.  All  MS/MSD  will  be  identified 
in  the  field  and  on  the  sample  chain-of-custody. 

•  Laboratory  Duplicates.  For  gas  samples  laboratory  duplicates  will  be 
analyzed  at  a  frequency  of  5  percent. 

•  Audit  Cylinder.  For  air  VOC  analyses,  a  performance  evaluation  sample 
will  be  submitted  to  the  onsite  and  offsite  laboratories  by  CH2M  HILL.  The 
audit  cylinder  will  be  analyzed  at  a  frequency  of  once  per  week  for  each 
week  samples  will  be  submitted  for  analysis.  The  performance  evaluation 
sample  will  be  prepared  by  delivering  a  mixture  of  standard  gas  from  the 
audit  cylinder  to  a  premoistened  canister  for  offsite  analyses.  For  onsite 
analyses,  the  performance  evaluation  sample  will  be  prepared  by  delivering  a 
mixture  of  standard  gas  from  the  audit  cylinder  to  a  sample  syringe.  The  gas 
will  be  prepared  by  the  EPA  and  preanalyzed  to  a  tolerance  of  ±  5  percent 
for  each  compound.  The  compounds  range  in  concentration  by  one  order-of- 
magnitude  above  each  method’s  detection  limit. 
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An  independent  QC  check  sample  will  also  be  analyzed  by  the  offsite  labora¬ 
tory  using  standard  reference  material  (SRM)  and  is  certifiable  to  National 
Institute  of  Standards  and  Technology  (NIST). 

The  audit  cylinder  will  be  used  to  deliver  gas  to  a  six-liter  canister  previous¬ 
ly  requested  for  field  use.  The  canister  audit  sample  will  be  prepared  to  a 
final  pressure  similar  to  the  actual  samples  collected  in  the  SVE  treatability 
investigation  (i.e.,  6  to  10  inches  Hg).  The  syringe  audit  sample  will  be 
prepared  onsite  and  drawn  into  the  syringe  in  the  same  manner  as  field  sam¬ 
ples  are  collected. 

•  Chloride  Audit  Samples.  For  the  analysis  of  HCL  in  air,  two  EPA  audit 
samples  will  be  analyzed  concurrently  with  a  set  of  field  samples  to  evaluate 
the  technique  of  the  analyst  and  the  standards  preparation.  The  audit  samples 
should  be  analyzed  once  during  each  operating  period  of  the  SVE  pilot 
project. 

•  Dioxin  Audit  Samples.  For  analysis  of  dioxin  in  air,  an  EPA  audit  sample 
will  be  analyzed  concurrently  with  a  set  of  field  samples  to  evaluate  the 
technique  of  the  analyst  and  the  standards  preparation.  The  audit  sample  will 
be  analyzed  once  during  each  period  of  the  SVE  pilot  project. 

•  Sampling  Train  Collection  Efficiency  Check.  For  analysis  of  dioxins  in 
air,  surrogate  standards  will  be  added  to  the  absorbent  cartridge  of  each  train 
before  collecting  each  field  sample.  The  surrogate  compounds  are  a  measure 
of  collection  efficiency  only  and  should  achieve  recoveries  between  70  and 
130  percent. 

A  number  of  blank  samples  will  be  collected  and  analyzed  for  each  analytical  method. 
Equipment  and  field  blanks  monitor  contaminants  that  may  be  contributed  by  the  sampling 
equipment.  The  following  blank  samples  will  be  collected  during  the  SVE  ueatability 
investigation. 


Equipment  Blanks.  For  soil  samples,  two  equipment  blanks  will  be  col¬ 
lected,  the  first  midway  through  sampling  and  the  second  at  the  end  of  the 
procedure.  After  decontamination  procedures  have  been  performed  on  the 
sampling  equipment.  High  Pressure  Liquid  Chromatography  (HPLC)  water 
will  be  poured  over  the  sampling  equipment  and  collected  in  the  proper 
sampling  bottles  and  sent  in  for  analysis.  See  Section  6  for  a  list  of  sample 
bottles  and  preservatives  needed. 

Ambient  Condition  Blanks.  For  gas  samples,  ambient  condition  blanks  will 
be  collected  at  a  frequency  of  one  per  twenty  samples  for  onsite  analyses 
only.  This  blank  will  allow  determination  of  ambient  concentrations  of  target 
compounds  onsite.  These  concentrations  will  help  determine  target  detection 
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limits.  For  onsite  analysis,  the  field  blank  will  be  collected  into  a  premoiste¬ 
ned  sample  syringe. 

•  Hexane  Train  Blank.  For  the  analysis  of  dioxins  in  air,  a  train  blank  will 
be  collected  for  each  day  of  analysis.  The  sampling  train  will  be  flushed 
with  hexane  provided  by  the  laboratory  to  monitor  contaminants  that  may  be 
contributed  by  the  sampling  train. 

Soil  Samples 

Table  5-8  summarizes  the  QC  samples  to  be  performed  for  soil  sampling. 

Gas  Samples 

Table  5-9  presents  a  summary  of  the  quality  control  samples  to  be  collected  as  a  part  of  the 

SVE  treatability  investigation  gas  sampling  program. 

Field  Duplicate  Sample  Collection 

To  collect  a  field  duplicate  of  a  gas  sample,  the  following  steps  shall  be  followed. 

1.  Assemble  twin  sampling  trains  (i.e.,  canister  or  tedlar  bags,  flow  controllers)  as 
described  for  sample  collection. 

2.  Fill  in  appropriate  line  data  on  field  data  collection  sheet  and  start  each  sampling 
train  simultaneously  by  fully  opening  the  canister  valves  or  starting  purge  pump  on 
the  tedlar  bag  apparatus. 

3.  Record  the  start  time.  Record  each  canister  pressure  reading  (initial  pressure)  if 
canister  sampling  is  being  performed. 

4.  Monitor  the  pressure  of  each  train  throughout  the  desired  sample  run  and  record  on 
field  data  sheet. 

5.  When  the  sample  time  has  expired  or  the  trains  have  reached  ending  target  pressure, 
stop  the  runs  by  simultaneously  closing  each  canister  or  bag  valve. 

6.  Complete  sample  recovery  and  sample  chain-of-custody  forms. 

The  probes  and  flow  controllers  shall  be  used  only  once.  All  sample  assemblies  will  be 

dedicated  to  the  sampling  location  in  service  and  not  decontaminated  in  the  field. 
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Table  5-9 

Summary  of  Quality  Assurance  Samples  for  Gas 


Sample  Designation 


A  CH2M  HILL  sample  identification  system  will  be  used  to  identify  each  sample  submitted 
for  analysis.  A  listing  of  sample  identification  numbers  will  be  maintained  in  a  field  log 
book  and  a  separate  sample  record  book.  The  field  log  book  will  be  used  for  keeping 
general  field  notes,  while  the  sample  record  book  will  be  used  for  recording  sample 
numbers  and  to  aid  field  personnel  in  tracking  sample  sequences.  Each  sample  identifica¬ 
tion  number  will  have  two  components:  station  code  and  sample  code.  No  sample  identifi¬ 
cation  number  will  exceed  nine  characters  in  length.  Descriptions  of  the  sample  identifica¬ 
tion  codes  are  described  below. 

Soil  Samples 

Soil  Borings  Samples 

The  station  code  for  samples  collected  from  a  soil  boring  will  have  three  components.  The 
fu’St  two  characters  will  be  PS  for  pilot  system  soil  boring.  The  third  character  will  indicate 
soil  zone  (P  for  waste  pit,  I  for  intermediate  alluvium,  and  D  for  deep  alluvium).  The 
fourth  character  will  be  a  sequential  boring  number  beginning  with  1.  All  soil  samples 
collected  from  the  same  soil  boring  will  have  the  same  sequential  boring  number. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  the  depth  from  which  the  sample 
was  collected.  The  letters  A  or  B  may  be  used  following  the  sample  code  to  indicate 
adjacent  samples  from  within  the  same  split  spoon.  C  will  indicate  the  top  sample.  The 
reference  point  for  a  sample  depth  will  be  the  distance  from  ground  surface  to  the  bottom 
edge  of  the  brass  sample  sleeve.  If  the  sample  is  collected  from  a  depth  greater  than 
99.9  feet,  the  decimal  place  will  be  dropped  and  the  depth  will  be  indicated  by  the  closest 
integer  value.  The  actual  sample  depth  will  be  recorded  in  the  log  book. 

Examples:  SBP2-0X.5C  (pit  boring  number  2,  depth  8.5  feet,  top  sample) 

SB12-35.5B  (intermediate  boring  number  2,  depth  35.5  feet,  middle  sample) 
SBDI-IOIA  (deep  boring  number  I,  depth  approximately  101  feet,  bottom 
.sample) 

SVE  Soil  Borings 

The  station  code  for  samples  collected  from  a  soil  boring,  which  will  be  converted  to  a  SVE 
well  will  have  two  components.  The  first  three  characters  will  indicate  the  SVE  well  zone 
(PSP  for  wells  installed  in  the  wa.ste  pit  and  PSD  for  wells  installed  in  the  deep  alluvium.) 
The  fourth  character  will  indicate  the  sequential  number  of  the  SVE  well. 

The  sample  code  will  consi.st  of  a  dash  (-)  followed  by  the  depth  from  which  the  sample 
was  collected.  The  reference  point  for  a  sample  depth  will  be  the  distance  from  ground 
surface  to  the  bottom  edge  of  the  brass  sample  sleeve.  If  the  sample  is  collected  from  a 
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depth  greater  than  99.9  feet,  the  decimal  place  will  be  dropped  and  the  depth  will  be  indi¬ 
cated  by  the  closest  integer  value. 


Examples;  PSP3-18.0  (SVE  soil  boring  PSP-3,  depth  18.0  feet) 

PSD4-74.5  (SVE  soil  boring  PSD-4,  depth  74.5  feet) 

PSD4-102  (SVE  soU  boring  PSD-4,  depth  102  feet) 

Soil  Gas  Samples 

Two  types  of  soil  gas  samples  will  be  collected,  canister  samples  for  offsite  analysis  and 
syringe  samples  for  onsite  GC  analysis.  The  station  code  for  soil  gas  samples  collected 
from  a  SVE  piezometer  will  have  two  components.  The  first  character  will  be  V  for  vapor 
extraction  system.  The  second  through  fifth  characters  will  indicate  the  piezometer 
number.  All  soil  gas  samples  collected  from  the  same  piezometer  will  have  the  same 
piezometer  number. 


The  sample  code  will  consist  of  a  dash  (-)  followed  by  two  components:  S  for  syringe 
sample  or  C  for  canister  sample,  and  a  sequential  sample  number  beginning  with  01  particu¬ 
lar  to  an  individual  piezometer. 


Most  samples  will  be  collected  by  syringe  for  onsite  GC  analysis.  When  a  canister  sample 
is  collected  it  will  be  as  a  duplicate  to  a  syringe  sample  as  a  means  of  checking  the  onsite 
GC  results.  Therefore,  the  numerical  sequence  of  the  sample  code  will  be  governed  by  the 
syringe  samples.  A  canister  sample  will  be  assigned  the  same  sample  number  as  the 
syringe  sample  it  is  duplicating. 


Examples:  V03BS-S06 


(piezometer  VES-03BS,  sixth  syringe  sample  collected  from 
this  piezometer) 


V03BS-C06  (piezometer  VES-03BS,  cani.ster  sample  is  duplicate  to  sample 
VO3BS-S06) 

SVE  Offgas  Samples 


There  are  three  types  of  SVE  offgas  samples  which  will  be  collected.  Vapor  extraction  well 
offgas  samples  will  be  collected  from  the  individual  extraction  wells  and  the  extraction  well 
manifolds  coming  from  each  of  the  three  contaminant  zones  (waste  pit,  intermediate  alluvi¬ 
um,  and  deep  alluvium.)  Transfer  piping  offgas  samples  will  be  collected  from  the 
combined  system  offgas. 


Vapor  Extraction  Wells 


The  station  code  for  SVE  offgas  samples  collected  from  individual  extraction  wells  consists 
of  three  components.  The  first  character  will  be  O  for  offgas.  The  second  character  will  be 
W  for  well.  The  third  and  fourth  characters  will  designate  the  individual  well  from  which 


CV<)RXI/n()1.51 


5-37 


the  sample  was  collected.  The  third  character  will  indicate  the  waste  zone  in  which  the 
extraction  well  screen  is  set  (P  for  waste  pit,  I  for  intermediate  alluvium,  and  D  for  deep 
alluvium).  The  fourth  character  is  the  well  number  for  that  contaminant  zone.  Samples 
from  waste  pit  well  PSP-1  will  be  designated  by  OWPl.  Those  from  intermediate  well 
PSl-3  v/ill  be  designated  by  OWI3,  etcetera. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  two  components:  S  for  syringe 
sample  or  C  for  canister  sample,  and  a  sequential  number  beginning  with  01  particular  to  an 
individual  extraction  well. 

Most  samples  will  be  collected  by  syringe  for  onsite  GC  analysis.  When  a  canister  sample 
is  collected  it  will  be  as  a  duplicate  to  a  syringe  sample  as  a  means  of  checking  the  onsite 
GC  results.  Therefore,  the  numerical  sequence  of  the  sample  code  will  be  governed  by  the 
syringe  samples.  A  canister  sample  will  be  assigned  the  same  sample  number  as  the 
syringe  sample  it  is  duplicating. 


Examples:  OWP2-S01 


(waste  pit  extraction  well  PSP-2,  first  syringe  sample  from  this 
extraction  well) 


own -Cl 7  (intermediate  alluvium  extraction  well  PSI-1,  canister  sample 

is  duplicate  to  sample  OWI1-S17) 

OWD4-S23  (deep  alluvium  extraction  well  PSD-4,  twenty-third  sample 
from  this  extraction  well) 

Vapor  Extraction  Well  Manifolds 

The  station  code  for  SVE  offgas  samples  collected  from  vapor  extraction  well  piping  will 
have  three  components.  The  first  character  will  be  O  for  offgas.  The  second  character  will 
be  M  for  manifold.  The  third  character  will  indicate  the  extraction  well  piping  type. 
Samples  from  the  waste  pit  manifold  will  be  designated  by  OMP.  Samples  from  the  inter¬ 
mediate  zone  manifold  will  be  designated  by  OMI.  Samples  from  the  deep  zone  piping  will 
be  designated  by  OMD. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  two  components:  S  for  syringe 
sample  or  C  for  canister  sample,  and  a  sequential  sample  i.  Tiber  beginning  with  01  particu¬ 
lar  to  an  individual  extraction  well. 

Most  samples  will  be  collected  by  syringe  for  onsite  GC  analysis.  When  a  canister  sample 
is  collected  it  will  be  as  a  duplicate  to  a  syringe  sample  as  a  means  of  checking  the  onsite 
GC  results.  Therefore,  the  numerical  sequence  of  the  sample  code  will  be  governed  by  the 
syringe  samples.  A  canister  sample  will  be  assigned  the  same  sample  number  as  the 
syringe  sample  it  is  duplicating. 
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Examples:  OMP-S04  (waste  pit  extraction  well  manifold,  fourth  syringe  sample 

from  this  manifold) 

OMI-C07  (intermediate  alluvium  extraction  well  manifold,  canister 
sample  is  duplicate  to  sample  OMI-S07) 

OMD-S14  (deep  alluvium  extraction  well  manifold,  fourteenth  syringe 
sample  from  this  manifold) 

Transfer  Piping 

The  station  code  for  SVE  offgas  samples  collected  from  the  transfer  piping  will  have  two 
components.  The  first  character  will  be  O  for  offgas.  The  second  and  third  characters  will 
be  TP  for  transfer  piping. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  two  components:  S  for  syringe 
sample  or  C  for  canister  sample,  and  a  sequential  sample  number  beginning  with  01  particu¬ 
lar  to  an  individual  extraction  well. 

Most  samples  will  be  collected  by  syringe  for  onsite  GC  analysis.  When  a  canister  sample 
is  collected  it  will  be  as  a  duplicate  to  a  syringe  sample  as  a  means  of  checking  the  onsite 
GC  results.  Therefore,  the  numerical  sequence  of  the  sample  code  will  be  governed  by  the 
syringe  samples.  A  canister  sample  will  be  assigned  the  same  sample  number  as  the 
syringe  sample  it  is  duplicating. 

Example:  OTP-SOl  (transfer  piping  offgas,  first  syringe  sample) 

OTP-C19  (transfer  piping  offgas,  canister  sample  is  duplicate  to  sample 
OTP-S19) 

Emission  Control  Samples 

The  station  code  for  emission  control  samples  will  have  two  characters:  EC  for  emissions 
control.  The  sample  code  will  consist  of  a  dash  (-)  followed  by  three  components:  S  for 
syringe  sample  or  C  for  canister  sample,  a  sequential  sample  number  beginning  with  001, 
and  a  D  for  duplicate  to  syringe  sample  or  blank  foi  primary  sample. 

Many  samples  will  be  collected  by  syringe  for  onsite  GC  analysis.  Some  canister  samples 
will  be  collected  as  duplicates  to  syringe  samples  (TO- 14).  Some  canister  samples  will  be 
collected  as  primary  samples.  The  numerical  sequence  of  the  sample  code  will  be  governed 
by  the  primary  samples  (syringe  plus  primary  canister  samples).  A  canister  sample  collect¬ 
ed  as  a  duplicate  to  a  syringe  sample  will  be  assigned  the  same  sample  number  as  the 
syringe  sample  it  is  duplicating). 


CVOR8 1/003.51 


5-39 


Examples:  EC-SOOl  (emissions  control  sample,  first  primary  sample,  by  syringe) 

EC-C004  (emissions  control  sample,  fourth  primary  sample,  by  canister) 

EC-C004D  (emissions  control  sample,  canister  sample  is  duplicate  to 
fourth  primary  sample  EC-S004) 

Quality  Control  Samples 

Several  QA/QC  samples  will  be  collected  including  field  duplicates,  equipment  blanks,  trip 
blanks,  ambient  condition  blanks,  collection  efficiency  blanks  and  hexane  train  blanks. 
Definitions  of  these  QA/QC  samples  are  presented  later  in  this  section  under  "Field  Quality 
Control  Samples."  Guidelines  for  naming  QA/QC  samples  are  provided  below. 

Field  Duplicates 

QA/QC  samples  for  field  duplicates  will  be  blind  coded  on  the  chain  of  custody  records. 
However,  the  true  sample  identification  codes  should  be  recorded  in  the  field  log  book 
along  with  the  blind  sample  codes. 

The  station  code  for  field  duplicate  samples  will  consist  of  two  components.  The  first  two 
characters  will  be  FD  for  field  duplicate.  The  third  character  will  be  a  dash  (-).  The  fourth 
and  fifth  characters  will  designate  the  source  of  the  field  duplicate  sample.  Soil  gas  field 
duplicates  will  be  designated  by  SG  and  emissions  control  duplicates  by  EC.  Offgas  dupli¬ 
cates  will  be  designated  by  OG  regardless  of  whether  the  sample  is  fi-om  vapor  extraction 
wells,  extraction  well  manifolds  or  transfer  piping.  However,  the  source  of  this  sample  will 
be  recorded  in  the  field  log  book. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  a  sequential  sample  number  begin¬ 
ning  with  001. 

Examples:  FD-SG-002  (field  duplicate,  soil  gas,  second  sample) 

FD-OG-001  (field  duplicate,  SVE  offgas,  first  sample) 

FD-EC-006  (field  duplicate,  emissions  control  system,  sixth  sample) 

Equipment  Blanks 

The  station  code  for  equipment  blanks  will  consist  of  two  components.  The  first  two  char¬ 
acters  will  be  EB  for  equipment  blank.  The  third  character  will  be  a  dash  (-).  The  fourth 
and  fifth  characters  will  designate  the  purpose  of  the  equipment  blank.  Blanks  conducted 
on  equipment  from  soil  borings  will  be  designated  by  SB  for  soil  boring.  Blanks  conducted 
on  equipment  from  SVE  well  installations  will  be  designated  by  PS  from  well  names.) 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  a  sequential  sample  number  begin¬ 
ning  with  01. 
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Examples:  EB-SB-02  (equipment  blank,  soil  boring,  second  sample) 

EB-PS-03  (equipment  blank,  SVE  well  boring,  third  sample) 


Trip  Blanks 

The  station  code  for  trip  blanks  will  be  TB.  The  sample  code  will  consist  of  a  dash  (-) 
followed  by  a  sequential  number  beginning  with  01. 

Example:  TB-07  (trip  blank,  seventh  sample) 

Ambient  Condition  Blanks 

The  station  code  for  ambient  condition  blanks  will  consist  of  two  components.  The  first 
two  characters  will  be  AB  for  ambient  blank.  The  third  character  will  be  a  dash  (-).  The 
fourth  and  fifth  characters  will  designate  the  purpose  of  the  ambient  condition  blank. 
Ambient  condition  blanks  collected  for  emissions  control  background  levels  will  be  desig¬ 
nated  by  EC  for  emissions  control. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  a  sequential  sample  number  begin¬ 
ning  with  01. 

Examples:  AB-EC-02  (ambient  condition  blank,  emissions  control,  second  sample) 

Collection  Efficiency  Check 

The  station  code  for  collection  efficiency  checks  will  consist  of  two  components.  The  first 
two  characters  will  be  CE  for  collection  efficiency.  The  third  character  will  be  a  dash  (-). 
The  fourth  and  fifth  characters  will  be  EC  since  collection  efficiency  blanks  will  only  be 
conducted  in  association  with  emissions  control  QA/QC  monitoring. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  a  sequential  number  beginning  with 
1.  It  is  anticipated  only  one  collection  efficiency  check  will  be  collected. 

Example:  CE-EC-1  (collection  efficiency  check,  emissions  control,  first  sample) 

Hexane  Train  Blank 

The  station  code  for  hexane  train  blanks  will  consist  of  two  components.  Tlie  first  two 
characters  will  be  HT  for  hexane  train.  The  third  character  will  be  a  dash  (-).  The  fourth 
and  fifth  characters  will  be  EC  since  hexane  train  blanks  will  only  be  conducted  in  associa¬ 
tion  with  emissions  control  QA/QC  monitoring. 

The  sample  code  will  consist  of  a  dash  (-)  followed  by  a  sequential  number  beginning  with 
1 .  It  is  anticipated  only  one  hexane  train  blank  will  be  collected. 
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Example:  HT-EC-1  (hexane  train  blank,  emissions  control,  first  sample) 


Sample  Handling,  Preservation,  and  Shipment 

This  section  presents  the  methods  to  be  followed  to  ensure  that  samples  arrive  at  the  labora¬ 
tory  intact,  at  the  proper  temperature,  and  free  from  external  contamination. 

Sample  Handling 

Soil  samples  designated  for  offsite  analysis  will  be  submitted  to  the  laboratory  in  the  brass 
liners  used  for  sample  collection.  Upon  opening  a  split-spoon  sample,  the  brass  liner  will 
be  removed  from  the  split  spoon  and  excess  soil  will  be  trimmed  from  the  ends  of  the 
liner.  The  ends  of  the  liner  will  then  be  covered  with  teflon  tape  and  PVC  slip  caps  placed 
over  the  teflon  tape.  The  liner  will  then  be  placed  in  a  labeled  ziplock  plastic  bag,  which 
will  in  turn  be  placed  in  an  iced  cooler. 

Soil  vapor  (air)  samples  will  be  collected  in  stainless  steel  canisters  supplied  by  and 
returned  to  the  laboratory.  Dedicated  shipping  containers  will  be  used  to  ship  the  canisters 
to  and  from  the  laboratory. 

Sample  Preservation 

All  soil  samples  collected  for  offsite  analysis  will  be  placed  on  ice  in  coolers  immediately 
after  collection.  Coolers  will  be  kept  out  of  direct  sunlight  as  much  as  possible  and 
removed  to  the  field  office  at  least  every  4  hours.  The  samples  will  be  repacked  with  ice 
prior  to  shipping  them  to  the  laboratory.  In  the  laboratory,  samples  will  be  stored  at  4°C  or 
less  prior  to  analysis,  and  stored  below  4°C  between  analysis  and  .sample  release  for  dispos¬ 
al. 

In  addition  to  cooling  all  samples  to  4°C,  the  following  equipment  blanks  and  trip  blanks 
collected  as  part  of  the  soil  sampling  field  analysis  will  require  preservation  as  indicated: 

•  TOC  (4 1 5. 1  )-H,SO,  to  pH<2 

Canister,  syringe,  and  tedlar  bag  samples  for  gas  do  not  require  preservation  but  should  be 
kept  out  of  direct  sunlight. 

Sample  Shipment 

All  samples  will  be  shipped  to  the  laboratory  via  overnight  or  next  day  delivery.  All  appli¬ 
cable  sample  packaging  and  labelling  requirements  for  interstate  transport  of  hazardous 
materials  will  be  followed  as  defined  in  40  CFR  49,  Chapter  1,  Part  171.  A  chain  of  custo¬ 
dy  report  will  accompany  each  sample  .shipment. 
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Sample  Documentation 


The  components  of  the  sample  documentation  program  include  the  use  of  sample  seals, 
logbooks,  chain  of  custody  form,  photographs,  and  standard  handling  and  shipping  proce¬ 
dures.  Each  component  is  described  briefly  below 

Sample  Labels 

Each  sample  collected  will  be  labelled  with  the  nine  character  sample  designation  number, 
sample  type,  date,  and  sampler’s  name.  The  sample  labels  will  be  affixed  to  the  sample 
container  and  will  accompany  the  samples  to  the  laboratory.  Sample  descriptions  were  de¬ 
scribed  previously. 

Custody  Seals 

Custody  seals  will  be  placed  on  the  sample  coolers  anytime  a  cooler  is  not  in  the  immediate 
view  of  the  collection  team.  The  team  will  sign  custody  seals  and  place  one  on  each  side 
of  the  cooler  if  they  are  required  to  leave  the  area  aud  cannot  maintain  visual  contact  with 
the  samples.  Seals  will  also  be  affixed  to  containers  shipped  offsite  for  sample  analysis. 

Field  Logbook 

The  sample  team  will  maintain  a  field  logbook  for  all  sampling  events.  The  field  logbook 
will  be  a  bound  notebook  with  numbered  pages.  All  entries  will  be  made  with  ink.  At  the 
start  of  each  day,  the  names  of  .sample  team  members,  weather  conditions,  and  reason  for 
sampling  will  be  recorded.  The  field  team  leader  will  keep  cu.stody  of  the  field  logbook  at 
all  times  and  sign  each  page. 

Data  obtained  on  all  of  the  samples  will  be  entered  into  the  logbook.  This  includes:  the 
sample  identification,  location,  depth,  date  and  time  of  sample  collection,  parameters 
requested  for  analysis,  field  measurement  and  calibration  data,  analysis  data  and  methods, 
sample  di.stribution  and  transporter,  field  lot  control  number,  field  ob.servations,  and  crew 
times. 

Any  corrections  in  the  logbooks  will  be  made  by  striking  out  the  incorrect  entry  with  a 
single  line  such  that  the  original  entry  is  not  obliterated.  The  person  making  the  correction 
will  also  initial  and  date  the  crossed  out  entry.  The  correct  entry  will  then  be  made  below 
the  crossed  out  entry. 

Sample  Record  Book 

The  sample  team  will  maintain  a  sample  record  book  throughout  Phases  11  and  111  of  the 
SVE  treatability  investigation.  The  sample  record  book  will  be  a  bound  notebook  with 
numbered  pages.  All  entries  will  be  made  in  ink.  The  sample  record  book  will  be  divided 
into  15  sections  as  shown  below  or  in  a  manner  which  allows  an  organized  record  of 
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samples  collected.  Sufficient  pages  will  be  left  in  each  section  to  accommodate  a  record  of 
all  samples  collected  during  Phases  II  and  III  of  the  SVE  treatability  investigation.  Records 
of  onsite  GC  samples  will  be  included  in  the  sample  record  book  in  the  appropriate  section. 

•  Soil  Boring  Samples 

•  SVE  Soil  Boring  Samples 

•  Soil  Gas  Samples  (Piezometers) 

•  SVE  Offgas  Samples — Extraction  Wells 

•  SVE  Offgas  Samples — Extraction  Well  Manifolds 

•  SVE  Offgas  Samples — Transfer  Piping 

•  Emissions  Control  Samples 

•  Soil  Characterization  Samples  (Disposal) 

•  QA/QC — Field  Duplicates 

•  QA/QC — Equipment  Blanks 

•  QA/QC — Trip  Blanks 

•  QA/QC — Ambient  Condition  Blanks 

•  QA/QC — Collection  Efficiency  Checks  (Emissions  Control) 

•  QA/QC — Hexane  Train  Blank  (Emissions  Control) 

•  Reserved  for  Notes 

The  purpose  of  the  sample  record  book  will  be  to  track  sample  numbers  used  for  each  of 
the  sample  types  collected  during  the  demonstration  and  to  aid  field  personnel  in  tracking 
sample  sequences.  The  date  and  time  each  sample  was  collected,  and  the  recorders  initials 
will  be  entered  in  the  log  book.  Any  corrections  in  the  logbook  will  be  made  by  striking 
out  the  incorrect  entry  with  a  single  line  such  that  the  original;  entry  is  not  obliterated.  The 
person  making  the  correction  will  also  initial  and  date  I'le  crossed  out  entry.  The  correct 
entry  will  then  be  made  below  the  crossed  out  entry. 

Chain-of-Custody  Forms 

Chain-of-cu.stody  forms  will  be  used  for  all  samples,  which  are  analyzed  offsite.  Forms 
equivalent  to  the  one  shown  as  Figure  5-9  will  be  delivered  with  the  .samples  to  the  labora¬ 
tory.  Each  time  the  sample  containers  change  cu.stody,  both  the  sender  and  receiver  will 
sign  and  date  the  chain-of-custody  form  accompanying  the  sample  set.  When  a  .sample 
shipment  is  sent  to  the  laboratory,  a  copy  of  the  chain-of-custody  form  will  be  retained. 
The  laboratory  will  be  instructed  to  sign  its  copy  of  the  chain-of-custody  sheet  included 
with  the  samples  and  return  a  copy  of  the  signed  sheet  along  with  the  analytical  results.  A 
chain-of-custody  record  will  be  completed  for  each  shipping  container. 

The  following  information  is  included  on  the  chain-of-custody  form: 

•  Sample  number 

•  Signature  of  sampler 

•  Date  and  time  of  collection 

•  Place  of  collection 
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•  Type  of  sample 

•  Number  and  type  of  container 

•  Inclusive  dates  of  possession 

•  Signature  of  receiver 

•  Cooler  identification  number  (assign  a  letter  A  through  Z  for  each  cooler  for 
each  day) 

Laboratory  Logbook 

Upon  receipt  of  each  sample  shipment  by  the  laboratory,  each  cooler  will  be  inspected  and 
any  problems  reported  to  the  sample  coordinator  or  site  manager.  Samples  will  be  logged 
and  immediately  placed  in  a  refrigerator  at  a  temperature  of  approximately  4°C.  Only  upon 
review  and  validation  of  the  data  at  the  end  of  the  project  will  the  samples  be  released  by 
the  project  manager  for  return  to  McClellan  AFB. 

Following  sample  receipt  in  the  laboratory,  the  sample  custodian  or  laboratory  personnel 
will  clearly  document  the  processing  steps  that  are  applied  to  the  sample.  The  results  of  the 
analysis  of  all  quality  control  samples  will  be  identified  specific  to  each  batch  of  samples 
analyzed.  The  laboratory  logbook  will  include  the  time,  date,  and  name  of  the  person  who 
performed  each  processing  step. 


Decontamination  Procedures 

This  section  includes  a  description  of  equipment  decontamination  procedures  that  will  be 
employed  during  the  SVE  treatability  investigation.  Decontamination  procedures  for  field 
personnel  are  described  in  the  site  health  and  safety  plan  (HASP). 

Contamination  at  the  treatability  investigation  site  is  principally  associated  with  volatile  and 
semivolatile  organic  compounds;  therefore,  pressurized  hot  water  cleaning  to  remove  soil 
and  contaminants  will  be  the  primary  feature  of  the  equipment  decontamination  process. 
Two  levels  of  equipment  decontamination  will  be  implemented.  The  first  level  (Level  1)  of 
equipment  decontamination  will  be  a  general  decontamination  process  that  applies  to  all 
onsite  equipment  used  for  soil  augering,  soil  borings,  and  sampling.  The  second  level  (Lev¬ 
el  2)  of  equipment  decontamination  will  be  a  more  specific  decontamination  process  applied 
to  sampling  equipment,  tools,  and  utensils  or  other  equipment  that  will  contact  soil 
samples.  This  decontamination  protocol  is  based  on  information  pre.sented  by  EPA  in 
Protocol  for  Groundwater  Evaluation,  OSWER  DIR  90X0.0-1. 


CV()R8l/0(n.5l 


5-45 


Level  1 — General  Equipment  Decontamination 

All  equipment  (including  but  not  limited  to  drilling  equipment,  support  and  ancillary  equip¬ 
ment,  vehicles,  drill  rods,  auger  flights,  sampling  equipment,  split  spoons,  and  tools)  will  be 
given  the  following  general  decontamination  before  site  entry.  Also,  sampling  equipment 
(including  all  downhole  and  surface  sampling  gear)  must  be  put  in  a  plastic-lined  "dirty- 
equipment"  area  for  decontamination  after  each  sampling  event. 

All  drilling  equipment,  including  the  rig  and  associated  equipment,  will  be  decontaminated 
by  the  drilling  subcontractor  before  entering  and  leaving  the  site.  Drilling  equipment  will 
also  be  decontaminated  between  the  drilling  of  each  borehole. 

The  decontamination  process  will  include: 

•  Removal  of  all  loose  dirt 

•  Thorough  cleaning  with  a  pressurized  hot  water  spray 

All  air  sampling  equipment  will  be  laboratory  cleaned  prior  to  mobilization  to  the  field  in 
accordance  with  TO- 14  and  TO- 12  protocol.  Dedicated  sampling  equipment  will  be  u.sed 
for  each  sampling  location  and  therefore  no  field  decontamination  will  be  required. 

Dedicated  syringes  will  be  used  for  most  sample  locations.  Syringes  will  be  purged  prior  to 
each  sampling  event  using  procedures  already  outlined. 

Level  2 — Sampling  Equipment  Decontamination 

Sampling  equipment,  such  as  split  spoons,  brass  liners,  utensils,  and  other  items  that  will 
contact  with  soil  samples,  will  receive  a  .second  decontamination  as  follows: 

•  Scrub  with  Alconox  and  water 

•  Rinse  with  distilled  water 

•  Rinse  with  methanol 

•  Rinse  with  deionized/distilled  water 

•  Air  dry 

Decontamination  procedures  for  air  sampling  equipment  that  will  contact  the  air  samples 
will  receive  a  second  decontamination  as  follows: 

•  Rinse  with  distilled  water 

•  Rinse  with  methanol 

•  Rinse  with  deionized/distilled  water 

•  Air  dry 
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Section  6 

Quality  Assurance 

Introduction 

This  section  is  an  addendum  to  the  basewide  Quality  Assurance  Project  Plan  (QAPP)  issued 
for  the  McClellan  AFB  in  March  1992.  The  addendum  addresses  quality  assurance  and 
quality  control  issues  related  to  the  completion  of  the  in  situ  soil  vapor  extraction  treatabili¬ 
ty  investigation  at  Site  S  in  OU  D,  McClellan  AFB. 

The  organization  of  this  section  parallels  that  of  the  basewide  QAPP,  and  wherever  possible 
and  appropriate,  the  section  references  the  existing  basewide  QAPP.  Specifically,  this  sec¬ 
tion  includes  only  those  portions  of  the  existing  QAPP  that  require  modification  in  order  to 
complete  the  following  Phases  II  and  IB  tasks: 

•  The  collection  and  offsite  analysis  of  soil  samples  as  part  of  the  treatability 
study  site  characterization  (Phase  II)  and  Phase  ID  mid-operation  and  post- 
operation  sampling. 

•  The  collection,  onsite  field  analysis,  and  offsite  laboratory  analysis  of  canis¬ 
ter  and  Tedlar  bag  samples  as  part  of  the  soil  gas,  SVE  offgas,  and  emissions 
control  testing. 


Quality  Assurance  Objectives 

Quality  assurance  (QA)  refers  to  the  overall  program  for  assuring  that  data  of  known  quality 
are  collected.  Quality  control  (QC)  refers  to  the  specific  routine  procedures  to  help  ensure 
that  the  quality  of  the  measurements  meet  the  specific  QC  level  considered  appropriate  for 
the  intended  use  of  the  data. 

The  general  QA  objectives  for  this  project  are  to  develop  and  implement  procedures  for 
obtaining  and  evaluating  data  of  a  known  and  acceptable  quality  so  that  they  can  be  used 
to: 

•  Quantify  the  mass  of  contaminants  removed  during  operation  of  the  pilot- 
scale  system. 

•  Evaluate  the  reduction  of  specific  contaminants  in  the  waste  pit  and  alluvial 
deposits. 

•  Evaluate  the  benefits  of  hot  air  injection  as  an  enhancement  to  SVE. 
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•  Evaluate  vadose  zone  transport  processes  to  identify  major  mechanisms 
controlling  contaminant  migration  and  document  the  reasons  for  discounting 
other  migration  mechanisms. 

•  Evaluate  the  degree  of  biodegradation. 

•  Assess  whether  preferential  removal  of  contaminants  from  different  strata  is 
occurring  during  SVE. 

•  Evaluate  performance  of  the  SVE  offgas  emission  control  system. 

•  Evaluate  the  applicability  of  SVE  to  OU  D  and  collect  sufficient  operational 
data  to  support  the  detailed  analysis  of  SVE  as  a  remedial  action  ^ternative 
in  the  feasibility  study  for  OU  D. 

•  Assess  general  applicability  of  SVE  at  other  McClellan  AFB  sites. 

The  data  should  be  of  such  quality  that  they  can  be  used  as  part  of  the  basewide  Remedial 
Investigation/Feasibility  Study.  Specific  procedures  to  be  used  for  sampling,  chain-of-custo- 
dy,  calibration,  laboratory  analysis,  reporting,  internal  quality  control,  audits,  preventive 
maintenance,  i-nd  corrective  actions  are  described  in  the  IRP  QAPP  and  elsewhere  in  this 
document 

Specific  QA  objectives  are: 

1.  Establish  sampling  and  sample  preparation  techniques  in  such  a  manner  that  the 
analytical  results  are  representative  of  the  media  and  conditions  being  measured. 

2.  Analyze  a  sufficient  number  of  laboratory  duplicate  samples  to  establish  the 
sampling  and  sample  preparation  precision.  No  soil  duplicate  samples  will  be 
collected  because  of  the  difficulty  in  obtaining  a  representative  sample  in  the  highly 
heterr  jeneous  soils  of  Site  S. 

3.  Collect  and  analyze  a  sufficient  number  of  trip  blank  and  field  blank  samples  to 
evaluate  the  potential  for  contamination  from  sampling  equipment  and  techniques. 

4.  Analyze  a  sufficient  number  of  ambient  condition  blank,  primary,  duplicate,  matrix 
spike,  matrix  spike  duplicate,  and  check  samples  internally  within  the  laboratory  to 
effectively  evaluate  results  against  numerical  QA  goals  established  for  precision  and 
accuracy. 

Data  quality  is  assessed  in  terms  of  representativeness,  comparability,  precision,  accuracy, 
and  completeness  of  the  data.  These  are  discussed  in  the  IRP  QAPP,  as  identified  in 
Section  4,  Item — Data  Quality  Objectives,  of  the  final  copy  of  the  QAPP. 
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Data  Quality  Objectives 


The  data  collected  here  will  be  used  primarily  for  evaluating  the  SVE  technology.  The  data 
quality  objectives  (DQOs)  described  herein  have  been  developed  around  the  data  use  specif¬ 
ic  to  the  SVE  treatability  investigation. 

Table  6-1  presents  the  DQOs  developed  for  the  treatability  investigation.  This  table  corre¬ 
lates  data  use  with  the  required  degree  of  analytical  sophistication.  This  approach  is  based 
on  the  generalized  data  quality  objectives  presented  by  the  United  States  Environmental 
Protection  Agency  (EPA)  in  Data  Quality  Objectives  for  Remedial  Response  Activities, 
EPA  540/G-87/003A,  March  1987.  Five  levels  of  data  quality  are  available  ranging  from 
Level  I,  Field  Screening,  to  Level  V,  Contract  Laboratory  Program  (CLP)  Special  Analytical 
Services.  For  the  treatability  investigation,  three  analysis  levels  will  be  utilized:  Level  1, 
Field  Screening;  Level  II,  Field  GC/Mobile  Laboratory  and  Level  ID,  Non-CLP  Standard 
Analysis. 

The  number  of  samples,  analytical  methods,  and  the  type  and  number  of  QC  samples 
planned  for  the  treatability  investigation  were  presented  in  Section  5. 


Data  Usage 

Table  6-2  lists  the  separate  sampling  phases  of  the  treatability  investigation  and  the  planned 
data  usage  for  each  phase. 


Quality  Control  Criteria 

Specific  procedures  for  assessing  precision,  accuracy,  completeness,  representativeness,  and 
comparability  are  presented  in  the  IRP  QAPP.  The  actual  compounds  to  be  used  in  evaluat¬ 
ing  the  data  precision,  accuracy,  and  representativeness  will  be  selected  from  the  most 
prevalent  compounds  detected  with  each  analytical  method.  This  selection  will  be  made 
during  the  data  validation  process. 
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Table  6-1 

Data  Quality  Objectives 

Analytical 

Description 

Data  Usage 

Soil  Borings 

SVE  PUot  Test 

Level  I-Field 
Screening 

Evaluate  SVE 
enhancements  and  degree 
of  biodegradation;  monitor 
emission  control 
performance 

None. 

O2  and  CO; 
monitoring  for  process 
control  and  oxygen 
uptake  rate 

(biodegradation).  Soil, 
gas,  and  SVE  offgas 
manifolds  and  transfer 
piping  will  be 
monitored. 

Level  II-Field 

GC/Mobile 

Laboratory 

(speciation  of 

indicator 

compounds) 

Evaluate  performance  of 

SVE  technology;  evaluate 
SVE  enhancements  and 
degree  of  biodegradation; 
evaluate  preferential 
removal  of  VOCs  from 
various  strata. 

None. 

Onsite  GC  analyses 
for  VOCs  performed 
on  soil  gas.  SVE 
offgas  and  emissions 
control  system. 

Level  in-Non- 
CLP  Laboratory 
Analysis 

Quantify  mass  of 
contaminants  removed; 
evaluate  reduction  of 
specific  contaminants,  SVE 
enhancements,  vadose  zone 
transport  processes,  degree 
of  biodegradation, 
preferential  removal  of 
contaminants  from  different 
strata,  SVE  offgas  emission 
control  system;  assess 
applicability  of  SVE  to 

OU  D  and  other  McClellan 
AFB  sites. 

TPH  (Modified  8015), 
COD  (MOSA  29-3.5.3), 
physical  properties, 
moisture  content  (MOSA 
21-2.2),  pH  (MOSA 
12-2.6),  microbiological 
assay  (DNAB),  and 
nutrients  on  many 
samples;  total  organic 
carbon  (EPA  415.1)  in 
selected  post-operatiun 
borings. 

VOCs  (TO- 14)  and 
total  nonmethane 
hydrocarbons  (TO- 12) 
on  selected  soil  gas. 

SVE  offgas,  and 
emissions  control 
samples;  HCl 
(Method  26)  and 
dioxins  (Method  23) 
analyses  on  selected 
emissions  control 
samples. 

Level  IV--CLP 
Routine  Analytical 
Services 

None. 

None. 

None. 

Level  V-CLP 
Special  Analytical 
Services 

None. 

None. 

None. 
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Table  6-2 

Sampling  Program  Data  Usage 

Page  1  of  2 

Sampling  Phase 

Approximate  Number  of  Samples 

Planned  Data  Usage 

1.  Soil  Borings 
(Phases  II  and  III) 

Split-spoon  samples  will  be  collected  at 
various  depths  in  six  borings  during 

Phase  II,  four  borings  during  Phase  III  mid¬ 
operation  (MO)  and  six  borings  during 

P>>'',se  III  post-operation  (PO).  Phase  II 
borings  sampled  will  be  PSP-2,  PSP-4, 

PSP-7,  PSD-3,  PSD-2,  and  PSD-5  (3  pit, 

3  deep).  These  six  and  nine  other  Phase  II 
borings  will  be  converted  to  SVE  extraction 
wells.  Phase  III  MO  borings  will  be 
intermediate  depth  (SBI-1,  SBI-2,  SBl-3. 
SBI-4).  Phase  III  PO  borings  will  be 

SBP-1,  SBP-2,  SBl-5,  SBl-6,  SBD-1.  SBD-2 
(2  pit,  2  intermediate,  2  deep).  Samples  will 
be  collected  and  submitted  for  analysis 
according  to  the  plan  set  forth  in  Section  5. 

A  minimum  of  approximately  70  samples 
will  be  submitted  for  analysis  for  physical 
properties,  TPH  (SW80I5M),  total  organic 
carbon  (EPA  415.1),  microbiological  assay 
(DNAB),  COD  (MOSA)  29-3.5.3),  moisture 
content  (MOSA  21-2.2),  pH  (MOSA 

12-2.6),  ammonia  nitrogen  (MOSA  33-3.2. 
EPA  350.3),  nitrate  nitrogen  (MOSA  33-3.2, 
EPA  300.0),  and  orthophosphate-phosphorus 
(MOSA  24-5.3,  EPA  300.0). 

Physical  property  data  will  be  used 
to  evaluate  specific  contaminant 
reduction  in  the  pit  versus 
alluvium  and  preferential  removal 
of  contaminants  from  various 
strata,  provide  data  for  the  vadose 
zone  transport  process  evaluation, 
and  assess  the  applicability  for  use 
of  SVE  at  other  OU  D  and 

McClellan  AFB  sites. 

TPH  data  will  be  used  to  evaluate 
reduction  of  contaminants  in  the 
waste  pit  and  alluvial  deposits; 
evaluate  SVE  enhancements  and 
degree  of  biodegradation;  evaluate 
preferential  removal  of  con¬ 
taminants  from  different  strata;  and 
assess  applicability  of  SVE  at 
other  OU  D  and  McClellan  AFB 
sites.  TPH  data  will  also  be  used 
to  evaluate  vadose  zone  transport 
processes. 

COD.  moisture,  pH,  nuuients,  and 
microbiological  data  will  be  used 
to  assess  SVE  enhancements  and 
the  degree  of  biodegradation. 

TOC  data  will  be  used  in  con¬ 
junction  with  the  vadose  zone 
transport  process  assessment. 
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Sample  Containers,  Preservation,  and  Holding  Time  Requirements 


Tables  6-3  and  6-4  present  the  sample  containers,  preservation,  and  holding  time  require¬ 
ments  for  soil  and  gas  samples. 


Table  6-3 

Container,  Preservative,  and  Holding  Time  Requirements 

Soil  Samples 

Parameter 

Container 

Preservative 

Holding  Time 

Total  Petroleum  Hydrocarbons 
(Modified  Method  8015) 

a 

Cool  4°C 

28  days 

Chemical  Oxygen  Demand 
(MOSA  29-3.5.3) 

a 

Cool  4-^: 

28  days 

Total  Organic  Carbon 
(Method  415.1) 

a 

Cool  4°C 

28  days 

Microbiological  Assay 
(DNAB) 

a 

Cool  4°C 

30  hours 

Physical  Properties 

a 

Cool  4°C 

NA 

Moisture  Content  (MOSA  21-2.2) 

a 

Cool  4°C 

NA 

pH  (MOSA  12-2.6) 

a 

Cool  4°C 

NA 

Ammonia  Nitrogen  (MOSA  33-3.2. 
EPA  350.3) 

a 

H,S04,  pH<2 
Cool  4°C 

28  days 

Nitrate  Nitrogen  (MOSA  33-3.2, 

EPA  300.0) 

a 

Cool  4°C 

NA 

Ortho-phosphorus  (MOSA  24-5.3, 

EPA  300.0) 

a 

Cool  4°C 

NA 

*A11  soil  samples  will  be  collected  in  6-inch-long  x  2-inch-diameter  brass  sleeves. 
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Table  6-4 

Method  of  Collection  and  Holding  Time  Requirement 

Gas  Samples* 

Paramker 

Method  of 
Collection 

Holding  Time 

Volatile  Organic  Compounds 
(Onsite  GC) 

Hamilton  Gastight 
Syringes,  5(X)  pi 

24  hours 

Volatile  Organic  Compounds 
(Method  TO-14) 

Canister 

14  days 

Total  Hydrocarbons 
(Method  TO-12) 

Canister 

Tedlar  bag 

14  days 

72  hours 

Hydrochloric  Acid 
(Method  26) 

Impinger 

28  days 

Dioxins 
(Method  23) 

XAD-Resin 

30  days  until  extraction 

45  days  after  extraction 

“No  sample  preservation  required. 

Method  Detection  Limits 


Volatile  Organic  Compounds  (TO-14) 

The  target  compound  list  for  full  scan  GC/MS  volatile  TO-14  analyses  is  presented  in 
Table  6-5.  The  listed  compounds  have  a  method  detection  limit  (MDL)  of  approximately 
1  part  per  billion  volume  (ppbv)  basis  with  the  exception  of  acetone  at  approximately 
10  ppbv. 

Following  the  startup  period  of  SVE  operation,  the  target  analyte  list  for  a  matrix  may  be 
reduced  to  include  only  those  analytes  determined  to  be  characteristic  of  that  matrix.  Peri¬ 
odically,  but  no  less  frequent  than  once  every  2  weeks,  a  full  scan  TO-14  analysis  will  be 
performed  for  each  matrix.  This  will  ensure  the  target  analytes  selected  to  be  included  on 
the  reduced  analyte  list  remain  those  characteristic  of  the  matrix. 

Total  Nonmethane  Hydrocarbons  (TO-12) 

The  MDL  for  total  nonmethane  hydrocarbons  is  approximately  500  ppbv  carbon. 

Volatile  Organic  Compounds  (Onsite  GC) 

The  onsite  GC  is  calibrated  to  detected  17  targeted  VOCs.  MDLs  for  each  VOC  are  shown 
in  Table  6-6. 
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Table  6-6 

VOCs  (Onsite  GC)  Target  Analyte  List 

Compound 

Detection  Limit 
(ppbv) 

Freon  12 

10 

Vinyl  Chloride 

10 

1,1-Dichoroethene 

10 

Freon  113 

10 

1,1-Dichloroethane 

10 

Methylene  Chloride 

10 

cis- 1 ,2-Dichloroethene 

10 

1,1,1  -Trichloroethane 

10 

Benzene 

50 

Trichloroethene 

10 

Toluene 

50 

m,p-Xylene 

50 

o-Xylene 

50 

Ethylbenzene 

50 

Chlorobenzene 

10 

1,2,4-Triinethylbenzene 

50 

1 ,2-Dichlorobenzene 

10 

Sample  Custody 

Sample  custody  procedures  to  be  implemented  during  the  SVE  treatability  investigation  at 
Site  S,  OU  D  are  presented  and  described  in  Section  5  and  the  IRP  QAPP  (March  1992). 


Calibration  Procedures  and  Frequency 

The  calibration  procedures  to  be  used  for  field  and  laboratory  equipment  during  the  SVE 
treatability  investigation  at  Site  S,  OU  D  are  presented  in  the  IRP  QAPP  (March  1992).  All 
analytical  instruments  are  to  be  calibrated  according  to  manufacturers'  recommendations  and 
method  requirements.  Laboratory  calibration  procedures  and  frequencies  are  included  in 
analytical  standard  operating  procedures  (SOPS)  for  analytical  levels  prescribed  for  this 
project. 
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Analytical  Procedures 


The  majority  of  analytical  methodology  and  calibration  procedures  that  will  be  used  to 
analyze  samples  generated  during  the  SVE  treatability  investigation  project  are  described  in 
the  IRP  QAPP  (March  1992).  Methods  that  are  not  included  in  the  IRP  QAPP  are 
described  briefly  below.  Methods  described  below  include  determination  of  Volatile  Organ¬ 
ic  Compounds  (VOCs)  from  canister  air  sampling  (EPA  TO- 14),  determination  of  total 
nonmeinane  hydrocarbons  from  canister  air  sampling  (EPA  TO- 12),  determination  of  total 
nonmethane  hydrocarbons  from  Tedlar  bag  gas  sampling  (EPA  TO- 12),  onsite  soil  gas 
analysis  of  VOCs  from  syringe  sampling  (Radian),  gas  analysis  of  oxygen  (Standard 
Methods  2720C),  measurement  of  polychlorinated  dibenzo-p-dioxins  and  polychlorinated 
dibenzofurans  (Method  23),  and  hydrogen  chloride  from  stationary  sources  (Method  26), 
organic  total  carbon  (EPA  415.1),  chemical  oxygen  demand  (MOSA),  and  microbiological 
assay  (DNAB). 

The  laboratory  method*,  or  SOPs  identified  here  and  in  the  IRP  QAPP  were  published  in 
Test  Methods  for  Evaluating  Solid  Waste,  Physical! Chemical  Methods  SW846,  EPA,  Third 
Edition,  revised  November  1986;  Methods  for  Analysis  of  Water  and  Wastes,  EPA-600/ 
4-79-020,  1979;  Title  22,  Article  11  of  the  California  Administrative  Code,  "Criteria  for 
Identification  of  Hazardous  and  Extremely  Hazardous  Wastes;"  Compendium  of  Methods 
for  the  Determination  of  Toxic  Compounds  in  Ambient  Air,  EPA-600/4-84-041,  April  1984, 
40  CFR  Part  60,  Appendix  A,  Methods  23  and  26,  February  13,  1991;  Methods  of  Soil 
Analysi.s,  Part  2 — Chemical  and  Microbiological  Properties,  Second  Edition,  1982;  and 
Standard  Operating  Procedures  for  Determining  Total  Hyphal  Length,  Numbers  of  Active 
Bacteria  and  Length  of  .Active  Fungi,  Elaine  R.  Ingham,  Oregon  State  University,  March  19, 
1992. 

TO-14 — DeterminatJ^n  if  VOCs  and  TPH  Using  Summa  Passivated 

Canisters  and  GC  Analysis 

Upon  anival  at  the  contracted  laboratory,  the  canister  sample  information  is  recorded  from 
the  Chain  Of  Custody  form  and  logged  into  the  laboratory  sample  tracking  system.  To 
analyze  a  canister  sample,  the  container  is  pressurized  to  a  known  pressure  and  the  pressure 
recorded.  This  pressure  value  is  again  used  to  calculate  the  final  sample  concentration  after 
analysis. 

The  pressurized  canister  is  then  attached  to  the  analytical  instrument.  The  instrument 
extracts  a  known  volume  of  air  from  the  canister  to  be  analyzed.  The  air  is  then  passed 
through  a  drier  to  remove  entrained  moisture  and  concentrated  by  collection  in  a  cryogeni- 
cally  cooled  trap.  The  trap  temperature  is  then  raised  and  the  collected  compounds  are 
volatilized  back  into  the  gas  phase  and  directed  to  a  high  resolution  gas  chromatographic 
analytical  instrument.  TTie  individual  species  are  separated  on  the  GC  column,  identified 
and  quantified  using  a  mass  spectrometer  (MS-specific  detector)  operated  in  the  full  scan 
mode. 
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For  the  purposes  of  this  study,  the  standard  list  of  TO- 14  compounds  plus  acetone  and 
MIBK  will  be  evaluated.  The  GC/MS  scan  mode  evaluations  will  be  reported  in  their 
entirety,  including  any  nontarget  list  compounds  detected  and  up  to  10  TICs. 

TO-12 — Determination  of  Total  Nonmethane  Hydrocarbons 
Using  Summa  Passivated  Canister  and  GC  Analysis 

Upon  arrival  at  the  contracted  laboratory ,the  canister  sample  information  is  recorded  from 
the  Chain-of-Custody  form  and  logged  into  the  laboratory  sample  tracking  system.  To 
analyze  a  canister  sample,  the  container  is  pressurized  to  a  known  pressure  and  the  pressure 
recorded.  This  pressure  value  is  again  used  to  calculate  the  final  sample  concentration  after 
analysis. 

The  pressurized  canister  is  attached  to  the  analytical  instrument.  The  instrument  extracts  a 
known  volume  of  air  from  the  canister  to  be  analyzed.  The  analytes  are  then  concentrated 
by  collection  in  a  cryogenically  cooled  trap.  The  trap  temperature  is  then  raised  and  the 
trap  is  purged  with  a  helium  carrier  gas,  the  flow  is  directed  to  the  flame  ionization  detector 
(FID)  where  total  nonmethane  hydrocarbons  are  measured. 

The  instrument  calibration  is  based  on  ppbv  carbon.  The  standard  is  prepared  using 
propane  in  ultrapure  air. 

TO-12 — Determination  of  Total  Nonmethane  Hydrocarbons 
Using  Tedlar  Bag  and  GC  Analysis 

Upon  arrival  at  the  contractf'd  laboratory,  the  canister  sample  information  is  recorded  from 
the  Chain-of-Custody  form  and  logged  into  the  laboratory  sample  tracking  system.  To 
analyze  a  Tedlar  bag  sample,  the  container  is  attached  to  the  analytical  instrument  and  a 
known  volume  of  air  extracted  from  the  bag.  The  analytes  are  then  concentrated  by  collec¬ 
tion  in  a  cryogenically  cooled  trap.  The  trap  temperature  is  then  raised  and  the  trap  is 
purged  with  a  helium  carrier  gas,  the  flow  is  directed  to  the  flame  ionization  detector  (FID) 
where  total  nonmethane  hydrocarbons  are  measured. 

The  instrument  calibration  is  based  on  ppbv  carbon.  The  standard  is  prepared  using 
propane  in  ultrapure  air. 

Onsite  GC — Ta^vet  Volatile  Organic  Compounds 
Radian  Corporation  Standard  Operating  Procedure 

Upon  arrival  at  the  onsite  laboratory,  the  syringe  sample  information  is  recorded  from  the 
Chain-of-Custody  and  logged  into  the  sample  tracking  system.  To  analyze  a  syringe 
sample,  a  known  volume  aliquot  is  taken  from  the  syringe  and  injected  into  the  GC. 
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The  instrument  is  calibrated  using  the  17  targeted  VOCs.  Gas  standards  are  prepared  using 
Scott  specialty  gases.  Targeted  VOCs  are  identified  based  on  retention  time  and  data  from 
the  standard  calibrations.  Detectors  for  each  VOC  are  shown  on  Table  6-7. 


Table  6-7 

VOCs  (Onsite  GC)  Instrument  Detectors 

Compound 

Detector 

Freon  12 

ELCD 

Vinyl  Chloride 

ELCD/PID 

1,1-Dichoroethene 

PID 

Freon  113 

ELCD 

1,1-Dichloroethane 

ELCD 

Methylene  Chloride 

ELCD 

cis- 1 ,2-DichJoroethene 

ELCD 

1,1,1  -Trichloroethane 

ELCD 

Benzene 

PID 

Trichloroethene 

ELCD 

Toluene 

PID 

m,p-Xylene 

PID 

o-Xylene 

PID 

Ethylbenzene 

PID 

Chlorobenzene 

PID 

1 ,2,4-T  rimethy  Ibenzene 

PID 

1 ,2- Dichlorobenzene 

ELCD 

Method  23— Measurement  of  Polychlorinated 
Dibenzo-p-Dioxins  and  Polychlorinated  Dibenzofurans 
(40  CFR  Part  60) 

A  sample  is  withdrawn  isokinetically  and  collected  in  the  sample  probe,  on  a  glass  fiber 
filter,  and  on  a  packed  column  of  adsorbent  material.  The  PCDDs  and  PCDFs  are  extracted 
from  the  particulate  matter  and  adsorbent  material  with  a  hot  organic  solvent.  The  extracted 
PCDDs  and  PCDFs  are  separated  by  capillary  gas  chromatography,  and  then,  each  isomer  is 
identified  and  measured  with  mass  spectrometry  (GC/MS).  The  dioxin/furan  practical  quan¬ 
titation  limit  (PQL)  range  for  liquids  (based  on  the  hot  organic  solvent)  is  0.008  to 
0.050  ppt. 

Refer  to  Appendix  I  for  further  discussion  of  sampling  apparatus  and  analytical  procedures 
required  for  Method  23. 
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Method  26 — Determination  of  Hydrogen  Chloride  Emissions 
(40  CFR  Part  60) 

A  sample  is  withdrawn  at  a  constant  rate  from  the  source  through  a  probe  and  impingers 
filled  with  dilute  sulfuric  acid.  In  the  dilute  acid,  the  HCl  gas  is  dissolved  and  forms  chlo¬ 
ride  ions.  The  chloride  ion  is  separated  by  ion  chromatography  and  measured  by  a  conduc¬ 
tivity  meter. 

Refer  to  Appendix  H  for  a  thorough  discussion  of  sampling  apparatus  and  analytical  proce¬ 
dures  required  for  Method  26. 

Physical  Properties 


Each  soil  sample  will  be  subjected  to  the  same  series  of  physical  tests,  which  includes  hori¬ 
zontal  and  vertical  air  permeability;  total  porosity;  bulk  density;  bulk  volume;  grain  density; 
sieve  analysis;  total  percent  saturation;  percent  saturation  by  water;  and  percent  saturation 
by  hydrocarbons.  Table  6-8  describes  the  parameters  and  methods  to  be  used  in  conducting 
the  physical  tests. 


Table  6-8 

Soil  Parameters  and  Test  Methods 

Parameter 

Test  Method 

Permeability 

API  RP40 

Sieve  Analysis 

Sieve  Analysis— Wet/Dry  Method  to  Parti¬ 
cle  Size  >10  p 

Total  Porosity 

Archimedes’  Method,  API  RP  40 

Bulk  Density 

Archimedes’  Method,  API  RP  40 

Bulk  Volume 

Archimedes’  Method,  API  RP  40 

Grain  Density 

Archimedes’  Method,  API  RP  40 

Total  %  Saturation 

Dean-Stark  Extraction,  API  RP  40 

Water  %  Saturation 

Dean-Stark  Extraction,  API  RP  40 

Contaminant  %  Saturation 

Dean-Stark  Extraction,  API  RP  40 
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EPA  415.1 — ^Total  Organic  Carbon  (TOC) 


Determination  of  TOC  by  EPA  415.1  involves  converting  the  organics  to  carbon  dioxide 
(CO2)  by  catalytic  combustion  or  wet  chemical  oxidation.  The  CO^  formed  can  be 
measured  directly  by  an  infrared  detector  or  converted  to  methane  (CH4)  and  measured  by 
a  flame  ionization  detector.  The  amount  of  COj  or  CH4  is  directly  proportional  to  the 
concentration  of  carbonaceous  material  in  the  sample. 

Modified  Method  8015 — Total  Petroleum  Hydrocarbons  (TPH) 
Extractables  by  GC-FID 

A  30-gram,  or  other  appropriate  aliquot  of  soil,  is  mixed  with  30  grams  of  washed  sodium 
sulfate.  100  mis  of  2+1  methylene  chloride/acetone  is  added  to  the  soil  and  placed  on  a 
mechanical  shaker  for  1  hour.  The  solvent  is  decanted  off  and  the  process  is  repeated  with 
an  additional  50  ml  of  methylene  chloride/acetone.  The  combined  solvent  extracts  are 
filtered  through  sodium  sulfate  and  the  extract  is  concentrated  to  a  3  ml  final  volume. 

An  appropriate  volume  of  the  sample  extract  is  injected  into  a  gas  chromatograph  equipped 
with  a  flame  ionization  detector  (FID),  a  split/splitless  capillary  injector  (operated  in  the 
splitless  mode),  and  a  fused  silica  capillary  column.  The  TPH  fraction  is  quantitated  as 
No.  2  diesel  fuel  (and/or  different  petroleum  hydrocarbon  fuel  types  if  requested,  such  as 
JP-4  jet  fuel)  based  on  relative  retention  times  and  examination  of  the  elution  profile.  The 
TPH  fraction  quantitation  is  based  on  chromatographic  peak  areas  against  a  multipoint  stan¬ 
dard  curve. 

MOSA  29-3.5.3 — Chemical  Oxygen  Demand 

Determination  of  chemical  oxygen  demand  (COD)  involves  adding  a  known  amount  of 
water  to  a  soil  sample  to  make  a  slurry.  A  volume  of  acid  equal  to  the  volume  of  water  is 
added  to  the  slurry.  Dichromate  is  added  to  the  soil  slurry  and  a  heated  digestion  is 
performed.  This  digestate  is  back  titrated  to  determine  the  amount  of  dichromate  that  was 
reduced.  This  method  is  modified  with  respect  to  calculating  oxygen  demand  per  gram  of 
soil  instead  of  measuring  organic  carbon  per  gram  of  soil. 

Refer  to  Appendix  D  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 

DNAB — Standard  Operating  Procedure  for  Determining  Total  Hyphal 
Length,  Numbers  of  Active  Bacteria,  and  Length  of  Active  Fungi 

This  procedure  determines  the  number  of  metabolically  active  bacteria  in  soil  samples  and 
calculates  the  biomass  of  the.se  organisms.  At  the  lab,  the  microbiological  samples  will  be 
collected  first  and  stored  separate  from  the  samples  for  physical/chemical  analysis.  To 
obtain  these  samples,  the  core  will  be  partially  extruded  from  the  liner,  and,  using  aseptic 
technique,  all  exterior  surfaces  will  be  pared  off  (using  a  flame  sterilized  metal  spatula)  and 
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discarded.  Then  an  aliquot  of  the  remaining  soil  will  be  aseptically  transferred  to  an  autocl¬ 
aved  glass  jar  and  stored  under  refrigeration  until  analyzed.  A  known  aliquot  of  soil  is 
stained  with  fluorescein  diacetate  and  an  aliquot  of  agar-soil  suspension  is  placed  on  a 
slide.  Using  epi-fluorescent  oil-immersion  microscopy,  numbers  and  size  of  fluorescent 
bacteria  are  determined. 

Refer  to  Appendix  C  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 

MOSA  21-2.2 — Moisture  Content 

Water  content  measurements  by  gravimetric  methods  involve  weighing  the  wet  sample, 
removing  the  water,  and  reweighing  the  sample  to  determine  the  amount  of  water  removed. 
Water  content  then  is  obtained  by  dividing  the  difference  between  wet  and  dry  masses  by 
the  mass  of  the  dry  sample  to  obtain  the  ratio  of  the  mass  of  water  to  the  mass  of  the  dry 
soil.  When  multiplied  by  100,  this  becomes  the  percentage  of  water  in  the  sample  on  a  dry- 
mass  (or,  as  often  expressed,  on  a  dry-weight)  basis. 

Refer  to  Appendix  J  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 

MOSA  12-2.6— Soil  pH 

Practically  all  laboratories  use  the  glass  (indicating)  electrode  paired  with  a  calomel  (Hg- 
Hg2  Cl)  (reference)  electrode  for  measuring  soil  pH.  The  electrodes  are  normally  plugged 
into  a  regular  commercial  pH  meter.  Upon  proper  standardization  with  buffers  of  known 
pH,  the  meter  indicates  the  pH  of  the  soil  suspension  from  the  millivolts  of  potential  gener¬ 
ated  when  the  two  electrodes  are  placed  in  the  soil  suspension. 

Refer  to  Appendix  K  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 


MOSA  33-3.2 — Extraction  of  Exchangeable  Ammonium 

Performance  of  this  extraction  method  is  necessary  to  convert  nitrogen  in  soil  to  an  aqueous 
phase.  To  perform  the  test,  place  10  g  of  soil  in  a  250-mi,  widemouth  bottle,  and  add 
100  ml  of  2M  KCl.  Stopper  the  bottle,  and  shake  it  on  a  mechanical  shaker  for  1  hour. 
Allow  the  soil-KCl  suspension  to  settle  until  the  supernatant  liquid  is  clear  (usually  about 
30  minutes),  and  perform  the  analyses  described  on  aliquots  of  this  liquid. 

Refer  to  Appendix  L  for  a  more  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 
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MOSA  24-5.3— Phosphorus  Soluble  in  Water  (Extraction) 


This  is  a  method  to  extract  phosphorus  in  soil  to  an  aqueous  phase.  To  perform  the  test, 
add  5  g  of  air-dry  soil  and  50  ml  of  distilled  water  to  a  flask  suitable  for  continuous  shak¬ 
ing.  Shake  the  contents  of  the  flask  continuously  for  5  minutes.  Centrifuge  the  mixture 
until  the  solution  is  free  of  soil  mineral  particles.  This  usually  occurs  in  15  minutes  in  a 
high-speed  Sorvall  centrifuge  at  a  setting  of  100.  Obtain  clear  extracts  alternatively  by 
repeated  filtration  through  Whatman  No.  42  filter  paper.  Return  to  the  suspension  the  first 
portions  coming  through  the  filter  paper. 


Refer  to  Appendix  M  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 


EPA  Method  350.3 — Ammonia  Nitrogen 


The  ammonia  is  determined  potentiometrically  using  an  ion  selective  ammonia  electrode 
and  a  pH  meter  having  an  expanded  millivolt  scale  or  a  specific  ion  meter.  The  ammonia 
electrode  uses  a  hydrophobic  gas-permeable  membrane  to  separate  the  sample  solution  from 
an  ammonium  chloride  internal  solution.  Ammonia  in  the  sample  diffuses  through  the 
membrane  and  alters  the  pH  of  the  internal  solution,  which  is  sensed  by  a  pH  electrode. 
The  constant  level  of  chloride  in  the  internal  solution  is  sensed  by  a  chloride  selective  ion 
electrode,  which  acts  as  the  reference  electrode. 


Refer  to  Appendix  R  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 


EPA  Method  300.0 — Determination  of  Inorganic  Anions  in  Water  by  Ion 
Chromatography  (Nitrate  Nitrogen  and  Orthophosphate-Phosphorus) 


A  small  volume  of  sample,  typically  2  to  3  ml,  is  introduced  into  an  ion  chromatograph. 
The  anions  of  interest,  nitrate  nitrogen  and  orthophosphate,  are  separated  and  measured, 
using  a  system  comprised  of  a  guard  column,  separator  column,  suppressor  column,  and 
conductivity  detector. 


Refer  to  Appendix  O  for  a  thorough  discussion  of  apparatus  and  analytical  procedures 
required  for  this  method. 


Data  Reduction,  Validation,  and  Reporting 

In  a  project  such  as  the  SVE  Treatability  Investigation,  information  flow  from  the  field  and 
laboratory  to  those  persons  involved  in  project  decision  making  is  critical.  A  data  manage¬ 
ment  system  assists  in  this  process  by  providing  a  means  of  tracking,  cataloging,  and  orga¬ 
nizing  information.  Such  a  system  includes  hardware  and  software  for  data  handling  (the 
data  base),  data  management  protocols  such  as  chain-of-custody  and  QA/QC  validation,  and 
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trained  personnel  to  keep  the  system  updated  and  operational.  The  primary  objective  of  a 
data  management  system  is  to  provide  the  user  with  data  sets  that  have  been  verified  and 
are  internally  consistent.  These  data  can  then  be  used  for  data  analysis,  statistics,  plotting, 
etc. 

There  are  two  groups  of  data  user’s  for  this  project:  the  Air  Force  personnel  responsible  for 
the  Installation  Restoration  Program  Information  Management  System  (IRPIMS)  and  the 
CH2M  HILL  project  team.  IRPIMS  requires  that  certain  data  be  made  available  to  the  Air 
Force  in  a  format  compatible  with  their  data  base,  while  the  project  team  requires  that  a 
subset  of  the  IRPIMS  data  (namely  sample  and  analysis  information)  be  available  in  a 
system  that  can  support  data  queries,  reports,  and  graphics. 

To  satisfy  the  data  needs  of  both  sets  of  users,  an  Environmental  Data  Base  (EDB)  will  be 
used  for  this  project.  The  EDB  will  be  used  to  prepare  ASCII  files  in  the  correct  format  for 
the  Air  Force  data  base.  The  data  delivery  schedule  and  valid  values  lists  in  the  IRPIMS 
Data  Loading  Handbook  (Version  2.2)  will  be  follov'ed.  The  EDB  can  be  restructured  to 
meet  the  data  needs  for  the  demonstration  project.  This  same  set  base  will  then  be  used  by 
the  CH2M  HILL  project  team  to  support  data  analysis  activities. 

Reduction 

Data  reduction  will  be  performed  to  determine  the  representativeness  of  the  data  and  to 
validate  laboratory  quality  control.  The  information  generated  by  the  data  reduction  step 
will  be  used  in  the  interpretation  of  the  data. 

Validation 

Data  validation  involves  a  review  of  the  laboratory-provided  QC  data  and  the  raw  data  in 
order  to  identify  any  qualitative,  unreliable,  or  invalid  laboratory  measurements.  As  a 
result,  it  will  be  possible  to  determine  which  samples,  if  any,  are  related  to  out-of-control 
laboratory  QC  samples.  Laboratory  data  will  be  screened  for  inclusion  of  and  frequency  of 
the  necessary  QC  supporting  information  such  as  detection  limit  verification,  initial  calibra¬ 
tion,  continuing  calibration,  duplicates,  spikes,  and  reagent  blanks.  QC  supporting  informa¬ 
tion  will  be  screened  to  determine  whether  any  data  is  outside  established  control  limits, 
and  if  out-of-control  data  is  discovered,  appropriate  corrective  action  will  be  determined 
based  upon  QC  criteria  for  precision,  accuracy,  and  completeness  in  the  IRP  QAPP.  Any 
out-of-control  data  without  appropriate  corrective  action  will  be  cause  to  qualify  the  affected 
measurement  data. 

Levels  of  data  validation  for  the  Phase  II  SVE  project  are  defined  below. 

•  Level  I.  For  a  Level  I  data  validation,  sample  and  method  blanks  results  are 
provided  by  the  laboratory.  Laboratory  contamination  can  be  determined 
from  this  information. 
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•  Level  n.  For  a  Level  n  data  validation,  the  laboratory  provides  CLP 
Forms  1  through  10  for  organics  analyses.  QA/QC  parameters  that  have 
been  selected  for  the  project  can  be  evaluated  using  these  summary  forms. 

•  Level  ni.  For  a  Level  III  data  validation,  a  CLP  or  CLP-like  data  package  is 
provided  by  the  laboratory.  Sample  results  are  evaluated  according  to  the 
EPA  Functional  Guidelines  for  Organics  and  Inorganics  analyses  for  selected 
QA/QC  parameters.  Ten  percent  of  the  analytical  raw  data  results  are  also 
reviewed  to  verify  sample  identity,  instrument  calibration,  detection  limits, 
numerical  computation,  accuracy  of  transcriptions,  and  calculations. 

Data  validation  Levels  n  and  in  have  been  selected  to  evaluate  the  analytical  data  for  this 
project. 

The  following  special  reporting  requirements  will  be  incorporated  into  the  Phase  II  SVE 
project: 


•  All  Level  II  analyses  will  have  CLP  QA/QC  summary  forms  provided  by  the 
laboratory. 

•  All  Level  III  analyses  will  have  a  CLP-like  data  package  provided  by  the 
laboratory. 

•  All  soil  analyses  will  be  reported  by  the  analytical  laboratory  on  a  "dry 
weight"  basis. 

•  All  sample  results  with  concentrations  between  the  instrument  detection  limit 
and  the  method  detection  limit  will  be  reported.  These  analytical  results  will 
be  qualified  as  estimates  and  flagged  with  a  "J". 

Reporting 

Data  and  information  generated  during  the  SVE  Demonstration  Project  will  be  summarized 
in  a  site  characterization  technical  memorandum  submitted  to  the  McClellan  AFB  project 
manager.  The  information  to  be  included  in  the  memorandum  is  identified  in  the  Demon¬ 
stration  Project  work  plan. 


Internal  Quality  Control 

The  analysis  of  internal  QC  samples  helps  to  monitor  and  document  the  performance  of 
sampling  and  analysis  activities.  The  documentation  of  QC  provides  a  means  for  establish¬ 
ing  the  quality  of  data  produced  by  the  project.  Both  field-generated  and  laboratory  QC 
samples  will  be  utilized  during  the  SVE  Demonstration  Project. 
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The  frequency  of  QC  sample  collection  and  data  acceptance  criteria  are  project-specific. 
Field-generated  QC  samples  that  are  planned  as  part  of  the  SVE  Demonstration  Project  at 
Site  S,  OU  D  are  described  in  Section  5. 

A  description  of  the  laboratory  QC  samples  to  be  analyzed  and  additional  information  on 
the  field-generated  QC  sample  are  provided  in  the  IRP  QAPP  (March  1992).  The  analytical 
method  SOPs  also  contain  information  regarding  the  frequency  and  acceptance  of  QC 
samples. 

Table  6-9  presents  the  quality  control  acceptance  criteria  for  EPA  Method  TO-14  (VOCs), 
EPA  Method  TO- 12  (total  nonmethane  hydrocarbons),  EPA  Method  350.3  (ammonia  nitro¬ 
gen),  and  MOSA  24-5.3  (soluble  phosphorus). 


Performance  and  System  Audits 

Performance  and  system  audits  are  independent  assessments  of  sample  collection  and  analy¬ 
sis  procedures.  Audit  results  can  be  used  to  evaluate  a  project’s  ability  to  meet  data  quality 
objectives,  satisfy  quality  control  criteria,  and  identify  areas  requiring  corrective  action. 

CH2M  HILL  laboratory  personnel  regularly  undergo  standard  procedural  audits  in  order  to 
ensure  understanding  and  compliance  of  specified  operating  protocol.  The  audits  include 
checks  of  proper  documentation,  chain-of-custody  procedures,  and  QA/QC  procedures. 

The  onsite  laboratory  will  be  required  to  satisfactorily  analyze  an  audit  sample  prior  to 
project  startup.  Both  laboratories  will  be  required  to  analyze  audit  samples  at  a  frequency 
specified  in  Section  5.  A  site  visit  is  planned  during  the  operations  of  the  onsite  laboratory. 

Preventive  Maintenance 

Preventive  maintenance  procedures  help  to  maintain  project  and  laboratory  schedules 
through  equipment  readiness.  Maintenance  will  be  performed  on  all  field  and  laboratory 
equipment  according  to  the  directions  and  frequency  identified  by  the  instrument  manufac¬ 
turers.  Dated  and  signed  instrument  logbooks  describing  and  documenting  scheduled 
inspections,  routine  maintenance,  and  major  repairs  will  be  maintained  for  all  instruments. 

Maintenance  responsibilities  for  laboratory  instruments  are  assigned  to  the  respective  labora¬ 
tory  managers.  Maintenance  of  field  equipment  is  the  responsibility  of  the  project  manager 
and  the  field  team  leader.  The  field  team  is  responsible  for  checking  the  equipment  prior  to 
use  and  reporting  any  problems  to  the  field  task  leader. 
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Data  Assessment  Procedures 


The  assessment  of  data  quality  is  necessary  to  ensure  that  the  QA  objectives  for  the 
sampling  and  analysis  program  are  being  met.  The  data  assessment  procedures  for  the  SVE 
Demonstration  Project  will  include  field  procedures  and  laboratory  procedures.  They  are 
discussed  separately  below. 

Field  Procedures 

Since  field  analyses  generally  do  not  involve  samples  that  are  retained  for  reanalysis,  the 
primary  QA/QC  objective  is  to  obtain  reproducible  measurements  with  a  degree  of  precision 
consistent  with  the  limits  of  the  field  instrument. 

Quality  control  procedures  for  field  instruments  will  be  limited  to  verifying  that  the  reprod¬ 
ucibility  of  measurements  are  within  10  percent  by  taking  multiple  readings  and  periodically 
conducting  instrument  calibration  checks  (a  minimum  of  twice  daily).  All  field  data  sheets 
and  notebooks  used  for  calculating  results  and  documenting  calibration  will  be  retained. 

Laboratory  Procedures 

Data  quality  assessment  for  the  analytical  laboratory  will  be  based  on  data  precision,  accura¬ 
cy,  and  completeness.  The  calculation  and  application  of  these  parameters  is  presented  in 
the  IRP  QAPP  (March  1992). 


Corrective  Action 

Corrective  action  procedures  are  required  as  the  result  of  audited  or  self-identified  nonconf¬ 
ormance  with  predetermined  QA/QC  criteria  or  procedures  established  for  this  project.  In 
the  event  that  quality  assurance  is  not  met,  action  will  be  taken  to  correct  the  problem. 
Corrective  action  for  laboratory  problems  (e.g.,  instrument  operating  ranges  or  calibrations) 
is  the  responsibility  of  the  laboratory,  including  the  lead  analyst  and  the  laboratory 
manager.  Any  corrective  actions  taken  during  the  course  of  the  SVE  treatability 
investigation  will  be  documented. 

•  In  the  case  that  TO- 14  analyses  do  not  confirm  the  onsite  GC  results,  a 
sampling  technique  investigation  will  be  conducted.  This  assumes  that  both 
laboratories  are  satisfactorily  analyzing  their  audit  samples  and  both  laborato¬ 
ries  are  following  specified  QA/QC  procedures.  The  sampling  technique 
investigation  will  involve  collecting  new  canisters  and  pulling  samples  from 
the  same  canister  for  both  laboratories  to  analyze.  The  results  of  this  investi¬ 
gation  will  be  compared  to  evaluate  proper  sampling  techniques. 

Method  TO- 14  will  also  be  used  to  identify  and  confirm  interferences  that 
the  onsite  laboratory  may  encounter. 
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In  the  case  that  dioxins  are  detected  in  the  SVE  pilot  plant  emissions,  prepa¬ 
rations  will  be  made  to  shut  the  SVE  pilot  plant  down  and  additional  engi¬ 
neering  controls  wiU  be  implemented.  One  possible  means  to  control  dioxins 
is  the  installation  of  a  dry  lime  scrubber. 


Quality  Assurance  Reports 

No  separate  QA  reports  for  this  project  are  anticipated.  The  technical  memoranda  that 
present  the  findings  of  the  site  characterization  and  pilot  test  phases  of  the  work  will 
contain  separate  QA  sections  that  summarize  data  quality  information  collected  during  the 
project. 
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Section  7 

Data  Management 


Information  flow  from  the  field  and  laboratory  to  those  persons  involved  in  project 
decisionmaking  is  critical.  The  data  management  system  will  assist  in  this  process  by  pro¬ 
viding  a  means  of  tracking,  cataloging,  and  organizing  information.  The  system  will 
include  hardware  and  software  for  data  handling  (the  data  base),  data  management  protocols 
such  as  chain-of-custody  and  QA/QC  validation,  and  trained  personnel  to  keep  the  system 
updated  and  operational.  The  objective  of  a  data  management  system  is  to  provide  the  user 
with  data  sets  that  have  been  verified  and  are  internally  consistent.  These  data  can  then  be 
used  for  data  analysis,  statistics  plotting,  etc.  An  environmental  data  base  using  a  Paradox- 
based  system  will  be  used  for  this  project. 

There  are  two  groups  of  data  users  for  the  Phase  II  SVE  project:  the  Air  Force  personnel 
responsible  for  the  Installation  Restoration  Program  Information  Management  System 
(IRPIMS)  and  the  CH2M  HILL  project  team.  IRPIMS  requires  that  certain  data  be  made 
available  to  the  Air  Force  in  a  format  compatible  with  their  data  base.  The  project  team 
requires  a  different  manipulation  of  the  data  for  queries,  reports,  and  graphics.  The  environ¬ 
mental  data  base  will  satisfy  the  data  needs  of  both  sets  of  users. 

An  environmental  data  base  will  be  used  to  prepare  ASCII  files  in  the  correct  format  for  the 
Air  Force  data  base.  The  data  delivery  schedule  and  valid  values  lists  in  the  IRPIMS  Data 
Loading  Handbook  (Version  2.2  ot  future  updates)  will  be  followed.  Once  these  files  are 
prepared,  they  can  be  expanded  to  be  used  for  environmental  investigations  and  to  support 
data  analysis  activities. 

The  data  management  effort  will  be  comprised  of  seven  tasks: 

•  Preparation  of  the  data  management  plan  that  defines  data  management 
requirements  and  identifies  the  systems  and  procedures  that  will  satisfy  these 
requirements. 

•  Loading  and  set  up  of  the  environmental  data  base  with  IRPIMS  table  struc¬ 
tures  on  a  computer. 

•  Preparation  of  transfer  programs  to  transfer  electronic  data  into  the 
appropriate  tables. 

•  Entry  of  field  data  into  the  environmental  data  base,  including  quality  control 
of  the  entries. 

•  Entry  of  h.boratory  data  into  the  environmental  data  base,  including  quality 
control  of  the  entries. 
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•  Updates  of  the  environmental  data  base  to  reflect  appropriate  data  qualifiers. 

•  Coding  and  entering  all  project  documents  into  the  environmental  data  base. 

Three  groups  and  types  of  project  data  are  required  for  the  IRPIMS  submittal.  Group  1 
includes  general  site  and  sampling  location  information.  Group  2  includes  specific  sample 
collection  information  such  as  sample  type,  location,  lithology,  classification,  etc.  Group  3 
includes  the  results  of  analytical  testing. 


CVOR81/106.5I 


7-2 


Section  8 

Health  and  Safety 


The  health  and  safety  program  for  CH2M  HILL  personnel  working  at  McClellan  Air  Force 
Base  (McClellan  AFB)  consists  of  a  base  site  safety  plan  (SSP)  and  task-specific  amend¬ 
ments.  The  base  SSP  contains  general  information  that  applies  to  all  or  most  areas  of  the 
site.  The  base  SSP  contains:  the  project  description,  personnel  responsibilities,  site 
hazards,  personal  protective  equipment  (PPE),  air  monitoring  guidelines,  site  control,  decon¬ 
tamination  procedures,  and  an  emergency  response  plan.  The  task-specific  addendums  are 
written  to  add  additional  information  regarding  the  specific  areas  and  field  activities.  The 
addendums  not  only  define  the  specific  field  activities  and  team  members,  but  they  contain 
changes  or  clarifications  of  the  potential  hazards,  air  monitoring  requirements,  PPE,  decon¬ 
tamination  procedures,  and  emergency  contacts.  The  amendments  can  be  more  or  less 
restrictive  than  the  base  SSP,  depending  on  the  type  of  field  activities  being  conducted. 
Neither  the  base  SSP  or  the  addendums  are  stand-alone  documents;  both  documents 
contain  important  information  and  they  must  be  used  in  conjunction  with  each  other. 


McClellan  Air  Force  Base  Site  Safety  Plan 


CH2M  HILL  Site  Safety  Plan  Addendum  No.  1  pertains  to  SVE  activities  conducted  during 
the  Phase  I  Site  Characterization  of  Site  S  in  OU  D  and  does  not  cover  Phase  II  or  III 
activities.  However,  Addendum  No.  I  is  included  to  maintain  the  comprehensive  nature  of 
this  health  and  safety  plan. 

CH2M  HILL  Site  Safety  Plan  Addendum  No.  2  pertains  to  SVE  activities  being  conducted 
during  the  Phase  II  and  HI  activities  and  is  directly  applicable  to  the  work  set  forth  in  this 
Work  Plan. 

General  Information 

CLIENT:  McClellan  Air  Force  Base  (AFB) _ 

PROGRAM  MANAGER:  Starr  Dehn/SAC _ 

SITE  NAME:  McClellan  Air  Force  Base _ 

SITE  LOCATION:  TO  BE  mENTIFIED  IN  TASK-SPECIFIC  AMENDMENTS 
PURPOSE  OF  FIELD  VISIT(S):  Source  testing,  site  survey,  waste  minimization  and 

treatability  studies,  site  inspections. _ 

DATE  OF  VISIT(S):  TO  BE  IDENTIFIED  IN  TASK-SPECIFIC  AMENDMENTS 

BACKGROUND  INFORMATION:  Complete _  Preliminary  X 

INFORMATION  AVAILABLE  FROM:  SAC  (office) _ 

OVERALL  HAZARD  SUMMARY:  TO  BE  mENTlFlED  IN  TASK-SPECIFIC 

AMENDMENTS 


CVOR275A)01.51 


8-1 


Site  Characteristics 


Site  Description 

A  location  map  is  shown  in  Figure  1-1. 

•  McClellan  AFB  is  located  north  of  Sacramento,  California.  The  base  is 
approximately  3  miles  north-south  and  approximately  2  miles  east-west  in 
length. 

•  The  base  is  in  the  Central  California  Valley  with  excellent  city  street  and 
interstate  highway  access.  Access  by  air  is  also  excellent 

Status 

Active,  inactive,  unknown;  and  nature  of  any  site  activity:  Active  Air  Force  base. 

History 

Worker  or  nonworker  injury;  complaints  from  public;  previous  investigathns  or  remedial 
action:  McClellan  AFB  is  a  RCRA  facility  and  a  CERCLA  site.  The  site  is  on  me  Nation¬ 
al  Priority  List  (NPL). 

The  predominant  functions  at  McClellan  AFB  have  been  to  manage,  maintain,  and  repair 
aircraft,  missiles,  space  vehicles,  electronics,  and  communication  equipment.  These  opera¬ 
tions  have  required  the  use  of  toxic  and  hazardous  materials.  Some  of  the  hazardous  mate¬ 
rials  that  have  been  used  or  generated  on  the  base  include  industrial  solvents  and  caustic 
cleaners,  electroplating  waste  heavy  metals,  oils  contaminated  with  polychlorinated  biphen¬ 
yls  (PCBs),  contaminated  jet  fuels,  low-level  radioactive  wastes,  unused  chemicals,  and  a 
variety  of  oils  and  lubricants. 

McClellan  AFB  has,  in  the  past,  used  a  variety  of  disposal  facilities  ranging  from  burial  pits 
(refuse,  demolition  material,  excess  military  equipment,  possibly  chemicals,  etc.),  sludge/oil 
pits,  bum  pits  (refuse,  oil,  chemicals,  etc.),  to  assorted  miscellaneous  disposal  pits  (sodium 
valves,  etc.).  Industrial  waste  sludge  was  also  disposed  of  on-base  at  the  Class  II-l  site 
approved  by  the  Regional  Board.  This  practice  has  since  been  eliminated.  The  industrial 
waste  sludge  is  known  to  contain  high  concentrations  of  tetrachloroethylene,  trichloroethyl¬ 
ene,  chloroform,  and  l,l,2-trichloro-2,2,l-trifluoroethane.  These  types  of  materials  could 
also  have  been  disposed  of  in  the  sludge/oil  pits. 

Characterization  and  remediation  of  the  areas  affected  by  these  waste  disposal  practices  are 
ongoing.  Today,  these  wastes  are  either  placed  in  drums  and  hauled  to  an  approved  Class  1 
disposal  site  or  discharged  into  the  Industrial  Wastewater  Treatment  Plant  (IWTP).  Sludge 
from  the  IWTP  is  also  hauled  to  an  approved  Class  I  disposal  site. 
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Principal  Materials  Handling  Activities 

Type,  amount,  and  location  of  wastes  or  hazardous  materials  disposed  of,  stored,  treated,  or 
handled  at  the  site:  Contaminated  drill  cuttings  and  purge  water  will  be  generated  during 
field  activities.  The  purge  water  will  be  disposed  of  at  the  IWTP  or  groundwater  treatment 
plant.  The  drill  cuttings  and  any  contaminated  soil  will  be  handled  in  accordance  with  the 
McClellan  AFB  Soils  Management  Plan. 

Features  and  Unusual  Features 

Water  supply,  telephone,  radio,  power  lines,  gas  lines,  water  mains,  suspect  terrain,  etc.: 
Utility  lines,  both  above  ground  and  below  ground,  may  pose  a  safety  hazard  for  team 
members  during  excavation  or  boring.  If  a  drill  rig  is  used,  the  driller  must  maintain  a  safe 
clearance  (at  least  20  feet)  between  overhead  utility  lines  and  the  drill-rig  mast  at  all  times 
during  site  operations.  The  location  of  utility  tines  must  be  determined  prior  to  startup,  and 
the  utility  must  be  notified  48  hours  prior  to  excavation  or  drilling  by  contacting  Under¬ 
ground  Services  Alert  at  800/422-4133  and  Tom  Egan,  McClellan  AFB  Engineering  at 
916/643-4875. 

Waste  Characteristics 

ALL  WASTE  TYPES  AND  CHARACTERISTICS  MAY  NOT  BE  PRESENT  IN  ALL 
AREAS.  THE  TASK-SPECIFIC  AMENDMENTS  WELL  IDENTIFY  WHICH 
WASTE  TYPES  AND  CHARACTERISTICS  ARE  OF  CONCERN  FOR  THAT 
SPECIFIC  AREA  AND  TASK. 

Waste  Type(s) 

Liquid  X  Solid  X  Sludge  X  Gas  X 

Characteristic(  s) 

Corrosive  X  Ignitable  X  Radioactive  X  Mixed  Waste _ 

Volatile  X  Toxic  X  Reactive _  Unknown _  Other  (name) _ 

Hazard  Evaluation 
Overall  Hazard  Level 

THE  OVERALL  HAZARD  LEVEL  WILL  BE  IDENTIFIED  IN  THE  TASK- 
SPECIFIC  AMENDMENT. 
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Chemical  Hazards 


The  major  types  of  processes  in  operation  on  the  base  are  paint  removal,  painting,  plating, 
and  foundry.  Each  process  has  particular  types  of  chemicals  that  are  associated  with  it.  For 
example,  paint  removers  contain  volatile  organic  compounds  such  as  methylene  chloride.  In 
the  painting  operations,  toluene-  and  xylene-based  paints  are  applied  to  parts.  Plating 
processes  use  degreasers,  acids,  rust  removers,  and  cyanide.  Finally,  foundries  may  emit 
metallic  fumes. 

THE  ABOVE  PROCESSES  ARE  NOT  INCLUSIVE  OF  ALL  THE  BASE  OPERA- 
TIONS;  THEREFORE,  FOR  EACH  TASK  AND/OR  SITE  VISIT,  AN  AMENDMENT 
WILL  BE  ATTACHED  TO  THE  OVERALL  SSP  TO  ADDRESS  PARTICULAR 
HAZARDS  AT  EACH  SITE.  THE  AMENDMENT  WILL  CONTAIN  MORE 
DETAILED  INFORMATION  ON  CHEMICAL  HAZARDS  AND  WILL  ADDRESS 
TASK  AND/OR  SITE-SPECIFIC  CHEMICAL  HAZARDS. 

Physical  Hazards 

The  major  potential  physical  hazards  possible  at  the  site  are:  flammable  vapors  and  explo¬ 
sive  conditions;  utilities;  moving  and  mobile  equipment;  trips,  slips,  and  falls;  and  heat 
stress.  THESE  PHYSICAL  HAZARDS  MAY  NOT  BE  REPRESENTED  AT  EVERY 
SITE.  THEREFORE,  FOR  EACH  TASK  AND/OR  SITE,  AN  AMENDMENT  WELL 
BE  WRITTEN  WHICH  CONTAINS  MORE  DETAILED  INFORMATION  ON  TASK 
AND  SITE-SPECIFIC  PHYSICAL  HAZARDS. 

Explosions  of  vapor  can  be  fatal,  and  workers  must  be  attentive  to  this  danger  and  guard 
against  carelessness  at  all  times.  The  lower  explosive  limit  (LEL)  is  compound-specific. 
Explosive  atmospheres  can  occur  during  a  variety  of  activities  including  drilling;  however, 
explosive  atmospheres  have  an  extremely  high  potential  of  occurring  in  confined  spaces. 
When  the  vapors  are  heavier  than  air,  their  explosivity  and  flammability  hazard  are 
increased,  since  they  will  tend  to  concentrate  near  the  ground  and  in  low-lying  areas  and 
will  not  be  readily  mixed  or  diluted  with  ambient  air.  When  monitoring  LEL,  it  is  impor¬ 
tant  to  take  measurements  at  ground  level.  To  reduce  the  potential  of  an  explosion,  each 
team  member  must  make  sure  that  no  spark  sources,  such  as  lighters,  matches,  unapproved 
flashlights,  etc.,  are  brought  into  the  exclusion  zone.  The  Site  Safety  Coordinator  (SSC) 
must  inspect  the  exclusion  zone  for  spark  sources  including  wiring,  motors,  etc.,  and 
enforce  the  requirements  for  fire  prevention,  including  intrinsically  safe  electrical  equip¬ 
ment,  spark  arresters  on  vehicles,  and  exclusion  of  unauthorized  personnel. 

There  is  potential  for  exposure  to  excessive  noise.  If  a  conversation  has  to  be  shouted  at  a 
distance  of  3  feet  or  if  noise  levels  exceed  90  dBA,  hearing  protection  will  be  worn. 
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Hazards  Posed  by  Site  Activities 

Hazards  may  exist  from  moving  process  equipment  (such  as  pumps  and  conveyors)  and 
heavy  equipment  (such  as  forklifts).  Personnel  must  be  alert  for  these  hazards,  protect 
clothing  and  hair  from  entrapment  in  equipment,  and  use  common  sense  in  these  situations. 
To  protect  from  slips,  trips,  and  falls,  proper  precautions  and  good  judgement  must  be  exer¬ 
cised.  In  extremely  muddy  areas,  pallets  or  similar  devices  may  be  used.  Personnel  should 
be  especially  alert  when  working  near  pits  and  excavations  and  remain  at  least  2  feet  from 
the  edge  of  the  excavation  at  all  times.  Exercising  caution,  using  safe  ladder  practices,  and 
using  the  buddy  system  around  emission  control  system  stacks  is  important. 

Heat  and  Cold  Stress  Hazards 

Heat  Stress.  Heat  stress  is  a  hazard  of  concern  during  summer  months.  Wearing  PPE  puts 
a  hazardous  waste  worker  at  considerable  risk  of  developing  heat  stress.  This  can  result  in 
health  effects  ranging  from  transient  heat  fatigue  to  serious  illness  or  death.  Heat  stress  is 
caused  by  a  number  of  interacting  factors,  including  environmental  conditions,  clothing, 
workload,  and  the  individual  characteristics  of  the  worker.  Because  heat  stress  is  probably 
one  of  the  most  common  (and  potentially  serious)  illnesses  at  hazardous  waste  sites,  regular 
monitoring  and  other  preventive  precautions  are  vital. 

Monitoring  Heat  Stress.  Because  the  incidence  of  heat  stress  depends  on  a  variety  of  fac¬ 
tors,  all  workers,  even  those  not  wearing  protective  equipment,  should  be  monitored.  Work¬ 
ers  wearing  semipermeable  or  impermeable  protective  clothing  should  be  monitored  when 
the  temperature  in  the  work  area  is  above  70°F  (21°C). 

To  monitor  the  worker,  measure: 

•  Heart  Rate— Count  the  radial  pulse  during  a  30-second  period  as  early  as 
possible  in  the  rest  period. 

If  the  heart  rate  exceeds  1 10  beats  per  minute  at  the  beginning  of  the 
rest  period,  shorten  the  next  work  cycle  by  one-third  and  keep  the  rest 
period  the  same. 

If  the  heart  rate  still  exceeds  1 10  beats  per  minute  at  the  next  rest 
period,  shorten  the  following  work  cycle  by  one-third  again. 

•  Oral  temperature-Use  a  clinical  thermometer  (3  minutes  under  the  tongue)  or 
similar  device  to  measure  the  oral  temperature  at  the  end  of  the  work  period 
(before  drinking). 

If  oral  temperature  exceeds  99.6°F  (37°C),  shorten  the  next  work 
cycle  by  one-third  without  changing  the  rest  period. 
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If  oral  temperature  still  exceeds  99.6°F  (37.6°C)  at  the  beginning  of 
the  next  rest  period,  shorten  the  following  work  cycle  by  one-third 
again. 


Do  not  permit  a  worker  to  wear  a  semipermeable  or  impermeable 
garment  when  his/her  oral  temperature  exceeds  100.6°F  (38.1°C). 

•  Body  Water  Loss  (if  possible)— Measure  weight  on  a  scale  accurate  to 
±0.25  lb  at  the  beginning  and  end  of  each  work  day  to  see  if  enough  fluids 
are  being  taken  to  prevent  dehydration.  Weights  should  be  taken  while  the 
employee  wears  similar  clothing  or,  ideally,  is  nude.  The  body  water  loss 
should  not  exceed  1.5  percent  total  body  weight  loss  in  a  work  day. 

Initially,  the  frequency  of  physiological  monitoring  depends  on  the  air  temperature  adjusted 
for  solar  radiation  and  the  level  of  physical  work  (see  Table  8-1).  The  length  of  the  work 
cycle  will  be  governed  by  the  frequency  of  the  required  physiological  monitoring. 


Table  8-1 

Suggested  Frequency  of  Physiological  Monitoring 

for  Fit  and  Acclimatized  Workers* 

Adjusted  Temperature*’ 

Normal  Work  Ensemble" 

Impermeable  Ensemble 

90°F  (32.2'=’C)  or  above 

After  each  45  minutes  of  work 

After  each  15  minutes  of  work 

87.5°-90°F  (30.8‘’-32.2°C) 

After  each  60  minutes  of  work 

After  each  30  minutes  of  work 

82.5°-87.5°F  (28.1°-30.8°C) 

After  each  90  minutes  of  work 

After  each  60  minutes  of  work 

77.5°-82.5°F  (25.3°-28.1'’C) 

After  each  120  minutes  of  work 

After  each  90  minutes  of  work 

72.5°-77.5'’F  (22.5°-25.3°C) 

After  each  150  minutes  of  work 

After  each  120  minutes  of  work 

Tor  work  levels  of  250  kilocalories/hour. 

'YTalculate  the  adjusted  air  temperature  (ta  adj)  by  using  this  equation: 

ta  adj  °F  =  ta  °F  + 

(13  X  %  sunshine).  Measure  air  temperature  (ta)  with  a  standard  mercury-in-glass  thermometer, 
with  the  bulb  shielded  from  radiant  heat  Estimate  percent  sunshine  by  judging  what  percent 
time  the  sun  is  not  covered  by  clouds  that  are  thick  enough  to  produce  a  shadow.  (100  percent 
sunshine  =  no  cloud  cover  and  a  sharp,  distinct  shadow;  0  percent  sunshine  =  no  shadows.) 

‘A  normal  working  ensemble  consists  of  cotton  coveralls  or  other  cotton  clothing  with  long  sleeves 

1  and  pants. 

Prevention  of  Heat  Stress.  Proper  training  and  preventive  measures  will  help  avert  serious 
illness  and  loss  of  work  productivity.  Preventing  heat  stress  is  particularly  important 
because  once  someone  suffers  from  heat  stroke  or  heat  exhaustion,  that  person  may  be 
predisposed  to  additional  heat  injuries.  To  avoid  heat  stress,  management  should  take  the 
following  steps: 
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Adjust  work  schedules: 


Modify  work/rest  schedules  according  to  monitoring  requirements 
Mandate  work  slowdowns  as  needed 

Rotate  personnel:  alternate  job  functions  to  minimize  overstress  or 
overexertion  at  one  task 

Add  additional  personnel  to  work  teams. 

Perform  work  during  coolers  hours  of  the  day  if  possible  or  at  night 
if  adequate  lighting  can  be  provided. 

Provide  shelter  (air-conditioned,  if  possible)  or  shaded  areas  to  protect 
personnel  during  rest  periods. 

Maintain  workers’  body  fluids  at  normal  levels.  This  is  necessary  to  ensure 
that  the  cardiovascular  system  functions  adequately.  Daily  fluid  intake  must 
approximately  equal  the  amount  of  water  lost  in  sweat,  i.e.,  8  fluid  ounces 
(0.23  liters)  of  water  must  be  ingested  for  approximately  every  8  ounces 
(0.32  kg)  of  weight  lost.  When  heavy  sweating  occurs,  encourage  the  worker 
to  drink  more.  The  following  strategies  may  be  useful: 

Maintain  water  temperature  at  50°  to  60°F  (10°  to  15.6°C). 

Provide  small  disposable  cups  that  hold  about  4  ounces  (0. 1  liter). 

Have  workers  drink  16  ounces  (0.5  liters)  of  fluid  (preferably  water 
or  dilute  drinks)  before  beginning  work. 

Urge  workers  to  drink  a  cup  or  two  every  15  to  20  minutes,  or  at 
each  monitoring  break.  A  total  of  1  to  1.6  gallons  (4  to  6  liters)  of 
fluid  per  day  are  recommended,  but  more  may  be  necessary  to  main¬ 
tain  body  weight. 

Weigh  workers  before  and  after  work  to  determine  if  fluid  re¬ 
placement  is  adequate. 

Encourage  workers  to  maintain  an  optimal  level  of  physical  fitness: 

Where  indicated,  acclimatize  workers  to  site  work  conditions,  includ¬ 
ing  temperatures,  protective  clothing,  and  workload. 

Urge  workers  to  maintain  normal  weight  levels. 
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•  Provide  cooling  devices  to  aid  natural  body  heat  exchange  during  prolonged 
work  or  severe  heat  exposure.  Cooling  devices  include: 

Field  showers  or  hose-down  areas  to  reduce  body  temperature  and/or 
to  cool  off  protective  clothing. 

Cooling  jackets,  vests,  or  suits. 

•  Train  workers  to  recognize  and  treat  heat  stress.  As  part  of  training,  identify 
the  signs  and  symptoms  of  heat  stress  (see  Table  8-2). 

Cold  Stress.  Although  northern  California  is  not  prone  to  bitter-cold  .emperatures,  cold 
stress  may  still  be  a  potential  problem.  Cold  stress  is  possib'  ’  when  work  performed  over 
water  is  at  temperatures  of  50°F  or  less.  The  ultimate  effect  of  cold  stress  is  hypothermia, 
which  is  a  decrease  in  the  deep  core  body  temperature.  Ai  temperatures  of  35°F,  workers 
in  water,  or  whose  clothing  becomes  wet,  should  be  provided  with  an  immediate  change  of 
clothing.  They  may  need  to  be  treated  for  hypothermia.  Workers  who  wear  impermeable 
protective  clothing  are  susceptible  to  chilling  because  their  cotton  underclothing  may 
become  wet  with  perspiration. 
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Table  8-2 

Signs  and  Symptoms  of  Heat  Stress 

• 

Heat  rash  may  result  from  continuous  exposure  to  heat  or  humid  air 

• 

Heat  cramps  are  caused  by  heavy  sweating  with  inadequate  electrolyte  replacement. 

Signs  and  symptoms  include: 

Muscle  spasms 

Pain  in  the  hands,  feet,  and  abdomen 

• 

Heat  exhaustion  occurs  from  increased  stress  on  various  body  organs  including  inade¬ 
quate  blood  circulation  due  to  cardiovascular  insufficiency  or  dehydration.  Signs  and 
symptoms  include: 

Pale,  cool,  moist  skin 

Heavy  sweating 

Dizziness 

Nausea 

Fainting 

• 

Heat  stroke  is  the  most  serious  form  of  heat  stress.  Temperature  regulation  fails  and 
the  body  temperature  rises  to  critical  levels.  Immediate  action  must  be  taken  to  cool 
the  body  before  serious  injury  and  death  occur.  Competent  medical  help  must  be 
obtained.  Signs  and  symptoms  are: 

Red,  hot,  usually  dry  skin 

Lack  of  or  reduced  perspiration 

Nausea 

Dizziness  and  confusion 

Strong,  rapid  pulse 

Coma 

Windchill  Index.  The  windchill  factor  is  the  cooling  effect  of  any  combination  of  tempera¬ 
ture  and  wind  velocity  of  air  movement.  The  windchill  index  is  shown  in  Table  8-3.  The 
windchill  index  does  not  take  into  account  that  part  of  the  body  which  is  exposed  to  cold, 
the  level  of  activity  and  its  effect  on  body  heat  production,  and  the  amount  of  clothing 
being  worn. 
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Table  8-3 

Windchiii  Index 

Actual  Thermometer  Reading  (F) 

Wind  speed 
in  mph 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

1  Equivalent  Temperature  (F) 

calm 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

5 

48 

37 

27 

16 

6 

-5 

-15 

-26 

-36 

-47 

10 

40 

28 

16 

4 

-9 

-21 

-33 

-46 

-58 

-70 

15 

36 

22 

9 

-5 

-18 

-36 

-45 

-58 

-72 

-85 

20 

32 

18 

4 

-10 

-25 

-39 

-53 

-67 

-82 

-96 

25 

30 

16 

0 

-15 

-29 

-44 

-59 

-74 

-88 

-104 

30 

28 

13 

-2 

-18 

-33 

-48 

-63 

-79 

-94 

-109 

35 

27 

11 

■I 

-20 

-35 

-49 

-67 

-82 

-98 

-113 

40 

26 

10 

-6 

-21 

-37 

-53 

-69 

-85 

-100 

-116 

Over  40  mph 
(little  added 
effect) 

LITTLE  DANGER  (for  prop¬ 
erly  clothed  person) 

INCREASING 
DANGER  (danger 
from  freezing  of 
exposed  flesh) 

GREAT  DANGER  (Dan¬ 
ger  from  freezing  of 
exposed  flesh) 

Note:  The  human  body  senses  "cold"  as  a  result  of  both  the  air  temperature  and  the  wind  velocity. 
Cooling  of  exposed  flesh  increases  rapidly  as  the  wind  velocity  goes  up.  Frostbite  can  occur 
at  relatively  mind  temperatures  if  wind  penetrates  the  body  insulation.  For  example,  when  the 
actual  air  temperature  of  the  wind  is  40°F  (4.4‘’C)  and  its  velocity  is  30  mph  (48  km/h),  the 
exposed  skin  would  perceive  this  situation  as  an  equivalent  still  air  temperature  of  13°F  (- 
11°C). 

Biological  Hazards 

There  is  a  possibility  of  contracting  Lyme  disease  or  Rocky  Mountain  Spotted  Fever 
(RMSF). 

Check  often  for  tick  bites.  If  bitten,  carefully  remove  tick  with  tweezers,  making  certain  to 
remove  pincers  and  being  careful  not  to  crush  the  tick.  After  removing  the  tick,  wash  your 
hands.  Disinfect  area,  and  dress.  If  the  tick  resists  or  cannot  be  completely  removed,  seek 
medical  attention. 

Look  for  symptoms  of  Lyme  disease  or  RMSF.  Lyme:  rash  that  looks  like  a  "bulls-eye," 
with  small  welt  in  center,  several  days  to  weeks  after  tick  bite.  RMSF:  Rash  comprising 
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red  spots  under  skin,  3  to  10  days  after  tick  bite.  For  both:  chills,  fever,  headache,  fatigue, 
stiff  neck,  bone  pain.  If  symptoms  appear,  seek  medical  attention. 

Unusual  Hazards 

None. 

Hazards  Posed  by  Chemical  Substances  Provided  by  CH2M  HILL 

In  accordance  with  20  CFR  1910.1200,  Hazard  Communication,  Material  Safety  Data 
Sheets  are  provided  in  each  project  specific  addendum  to  this  base  plan. 

Procedures 

Site  Organization 

Map/Sketch  Attached  Yes  Site  Secured  Yes 

Perimeter  Identified  Yes 

Zone(s)  of  Contamination  Identified  No 

Site  Personnel 

Team  Organization _ 

Team  Member/Office _ Responsibility 

TEAM  MEMBERS  AND  RESPONSIBILITIES  WILL  BE 
IDENTIFIED  IN  THE  TASK-SPECIFIC  AMENDMENTS. 

Each  of  the  team  members  will  be  certified  as  fit  for  the  anticipated  work  by  the  CH2M 
HILL  medical  surveillance  program,  and  has  completed  the  training  requirements  of 
29  CFR  1910.120.  In  addition,  at  least  two  members  will  be  currently  certified  by  the 
American  Red  Cross,  or  equivalent,  in  both  first  aid  and  CPR.  A  SSC  with  the  appropriate 
level  of  experience  will  be  present  during  all  field  activities. 

All  medical  and  training  records  are  housed  in  CH2M  HILL’s  Reston,  Virginia,  office. 
They  are  maintained  in  accordance  with  federal  and  state  regulations. 

Onsite  Engineering  Controls 

Onsite  engineering  controls  include  covers  for  waste  piles  and  cuttings  and  barricades  to 
keep  unauthorized  people  from  entering  contaminated  areas. 
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Work  Practices 


In  general,  work  practices  shall  be  designed  to  decrease  time  of  exposure,  increase  distance 
to  the  source,  or  shield  the  exposed  individual.  Work  practices  that  will  be  implemented  at 
the  site  include: 

•  No  spark  sources  within  exclusion  or  decontamination  zones. 

•  Fuel  supplies  will  be  properly  stored  and  grounded. 

•  Avoid  visibly  contaminated  areas. 

•  No  eating  drinking,  or  smoking  in  contaminated  areas,  or  exclusion  or 
decontamination  zones. 

•  SSC  tc  establish  areas  for  eating,  drinking,  smoking. 

•  No  contact  lenses  in  exclusion  or  decontamination  zones. 

•  No  facial  hair  that  would  interfere  with  respirator  fit  if  Level  C  or  B  are 
anticipated. 

•  Site  work  will  be  performed  during  daylight  hours  whenever  possible.  Any 
work  conducted  during  hours  of  darkness  will  require  enough  illumination 
intensity  "to  read  a  newspaper  without  difficulty." 

•  Working  from  an  upwind  position  whenever  possible. 

Personal  Protective  Equipment  (PPE) 

BECAUSE  THE  LEVEL  OF  PPE  AND  THE  SPECIFIC  EQUIPMENT  REQUIRED 
FOR  EACH  LEVEL  OF  PROTECTION  IS  DEPENDENT  ON  THE  CONTAMI¬ 
NANTS  AND  THE  TASKS,  THE  REQUIRLD  PPE  WILL  BE  IDENTIFIED  IN  A 
TASK-SPECIFIC  ADDENDUM. 

General  Hazardous  Waste  Site  Monitoring  Equipment  and  Procedures 

Periodic  monitoring  of  the  site  is  required  to  determine  the  effectiveness  of  engineering 
controls,  to  re-evaluate  levels  of  protection,  and  to  determine  if  site  conditions  have 
changed.  At  a  minimum,  monitor  at  the  beginning  of  each  shift,  periodically  (e.g.,  every 
15  minutes)  throughout  the  work,  whenever  work  begins  at  a  new  area  onsite,  or  when 
different  contaminants  are  encountered  or  a  different  work  activity  begins.  Specific  moni¬ 
toring  locations  and  frequencies  are  given  below. 
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Carefully  inspect  each  piece  of  monitoring  equipment  prior  to  work  startup.  Failure  of  any 
of  the  equipment  listed  below  to  work  properly  must  be  reported  to  the  Project  Manager 
immediately. 

Table  8-4  summarizes  the  air  monitoring  equipment  and  action  levels  that  may  be  required. 

SPECIFIC  MONITORING  REQUIREMENTS  ARE  DEPENDENT  ON  THE  FIELD 
ACTIVITIES  AND  CHANGES  IN  THE  AIR  MONITORING  PROGRAM  WILL  BE 
IDENTIFIED  IN  THE  TASK-SPECIFIC  AMENDMENTS. 

Site  Entry  Procedures 

•  Conduct  Site  Safety  briefing  before  starting  field  activities.  Briefing  should 
include  a  general  discussion  of  the  health  and  safety  plan,  site-specific 
hazards,  location  of  work  zones,  PPE  requirements,  equipment,  special  proce¬ 
dures,  and  emergencies. 

•  Determine  wind  direction,  install  wind  flags,  and  establish  work  zones  onsite 
(e.g.,  exclusion  zone,  contamination  reduction  zone,  and  support  zone). 

•  Post  Occupational  Safety  and  Health  Administration  (OSHA)  jobsite  poster  in 
a  central  and  conspicuous  location  at  the  site. 

•  Set  up  decontamination  facilities. 

•  Verify  that  Material  Safety  Data  Sheets  are  available  for  onsite  chemicals. 

•  Establish  onsite  communications.  These  should  consist  of: 

Line  of  sight/hand  signals 

Air  horn 

Two-way  radio  or  cellular  phone,  if  available 
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Table  8-4 

Required  Monitoring  Equipment  and  Action  Levels  of  Upgrading 

Personal  Protective  Equipment  (PPE) 

Page  1  of  3 

Equipment 

Reading^ 

Action 

Explosimeter 

<  10%  LEL* 

Continue  with  caution. 

10-20%  LEL 

Continue  with  caution  while 
implementing  control 
measures  such  as  mechanical 
ventilation. 

>  20%  LEL 

Halt  operations  and  evac¬ 
uate  the  area  until  the 
readings  are  below  10% 

LEL. 

O2 

19.5-21%  O2 

Continue  operations  in  Level 

D  PPE. 

Explosimeter 

Needle  detects  upward 
and  then  drops  to  zero 

Halt  operations  and  evac¬ 
uate  the  area  until  the 
readings  are  approximately 

20%  0,. 

<  15%  0, 

Halt  operations  and  evac¬ 
uate  the  area  until  readings 
are  approximately  20%  O;. 

<  19.5%  0, 

Level  B  PPE  required. 

>  21%  0, 

Halt  operations  and  evac¬ 
uate  the  area  until  readings 
are  approximately  20%  O.. 

HNu  (with  lO.ZeV  or 

11.7  eV  lamp)  or  OVA*’'^ 

<  1  ppm 

Continue  operations  in 

Level  D  PPE. 

1-5  ppm 

Continue  operations  in  Level 

C  PPE.  if  there  is  no  color 
change  on  the  vinyl  chloride 
detector  tubes.  Level  C 
cannot  be  used  if  there  is  a 
color  change  on  vinyl 
chloride  detector  tubes; 

Level  B  is  required  if  vinyl 
chloride  is  present 

5  -  100  ppm 

Level  B  PPE  required. 

>  100  ppm 

Halt  work. 
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Table  8-4 

Required  Monitoring  Equipment  and  Action  Levels  of  Upgrading 
Personal  Protective  Equipment  (PPE) 

Page  2  of  3 


Equipment 

Reading" 

Action 

Mini-Ram 

<1  mg/m^ 

Continue  operation  in 

Level  D  PPE. 

1-5  mg/m^ 

Continue  operations  in 

Level  D  PPE.  Implement 
measures  such  as  covering 
contaminated  soils  or  wetting 
soils  to  control  airborne  dust. 

5-10  mg/m^ 

Continue  operations  in 

Level  C  PPE. 

>  10  mg/m-^ 

Halt  operations 

Sound  Level  Meter 

<85  dBA 

Continue  operations. 

(SLM) 

85-120  dBA 

Continue  operations  with 
hearing  protection. 

>  120  dBA 

Continue  operations  with 
hearing  protection,  audio¬ 
metric  monitoring,  and 
training. 

Rad-Mini 

<  0.3  mR/hr 

Continue  operations,  mon¬ 
itor  continuously,  and  record 
readings  every  30  minutes. 

0.3  mR/hr  -  1  mR/hr 

Continue  operations,  mon¬ 
itor  continuously,  and  record 
readings  every  10  minutes. 

1  mR/hr  -  2  mR/hr 

Continue  operations,  mon¬ 
itor  continuously,  and  record 
readings  every  10  minutes. 

SSC  will  record  approximate 
daily  radiation  exposure 
based  on  rad-mini  readings 
and  exposure  time  (mR/hr  x 
hr  =  mR/day).  Personnel 
radiation  exposure  will  be 
kept  below  40  mR/wk.  The 
plan  approver  will  be 
notified  of  results  greater 
than  30  mR/wk. 
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Required  Monitoring  Equipment  and  Action  Levels  of  Upgrading 
Personal  Protective  Equipment  (PPE) 

Page  3  of  3 


Equipment 


Tube^ 


Reading^ 

Action 

>  2  mR/hr 

Halt  work.  Plan  must  be 
revised  by  health  physists. 

Any  color  change 

Halt  work.  Level  B  is 
required. 

*Lower  Explosive  Limit 
^Readings  are  above  background. 

‘’If  the  OVA  is  used,  the  action  levels  are  based  on  nonmethane  compounds.  The 
charcoal  filter  will  be  used  to  distinguish  methane  and  nonmethane  compounds 
from  each  other. 

'’Vinyl  chloride  colorimetric  tubes  must  be  collected  whenever  HNu  or  OVA 
readings  are  greater  than  1  ppm. 
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•  Establish  emergency  signals.  For  example: 

Grasping  throat  with  hand — EMERGENCY — HELP  ME 
Grasping  buddy’s  wrist — LEAVE  AREA  NOW 
Thumbs  up— OK,  UNDERSTOOD 
Two  short  blasts  on  air  horn — ALL  CLEAR 
Continuous  air  horn — EMERGENCY — EVACUATE 

•  Establish  offsite  communications. 

•  Establish  "buddy"  system. 

•  Establish  procedures  for  disposal  of  material  generated  onsite 

•  Conduct  initial  air  monitoring  to  determine  appropriate  level  of  protection 

•  If  toilet  facilities  are  not  located  within  a  3-minute  walk  from  the  decontami¬ 
nation  facilities,  either  provide  a  chemical  toilet  and  hand  washing  facilities 
or  have  a  vehicle  available  (not  the  emergency  vehicle)  for  transport  to  near¬ 
by  facilities. 

Work  Limitations:  (time  of  day,  etc,) 

•  No  eating,  drinking,  or  smoking  onsite. 

•  No  contact  lenses  onsite. 

•  No  facial  hair  that  would  interfere  with  respirator  fit. 

•  Buddy  system  at  all  times  in  exclusion  zone. 

•  CH2M  HILL  employees  who  have  been  issued  thermal  luminescent  dosime¬ 
try  (TLD)  badges  will  wear  them  at  all  times  when  on  or  near  the  site. 

•  Site  work  will  be  performed  during  daylight  hours  whenever  possible. 
However,  some  predawn  work  is  anticipated  to  minimize  activities  during  the 
hottest  part  of  the  day.  Any  work  conducted  during  hours  of  darkness  will 
require  the  following  minimum  illumination  intensity: 

General  Site  Areas  5  foot-candles 

First  Aid  Station/Office/Lab  30  foot-candles 

Storerooms,  Changehouse,  Toilets,  Rest  10  foot-candles 

Areas 
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•  Motors  used  in  the  exclusion  zone  will  be  nonsparking  electrical  motors  or 
equipped  with  spark  arresters. 

Decontamination  Procedures 

Set  up  decontamination  area  upwind  of  the  exclusion  zone.  Water  and  Alconox  detergent 
should  be  placed  in  buckets  prior  to  beginning  work.  The  decontamination  area  should  be 
a  sufficient  distance  from  the  work  in  the  exclusion  zone  so  that  the  decontamination  area 
will  not  become  contaminated  by  splashing  water  or  flying  dirt. 

Personnel  Decontamination  Procedures 

•  Wash  boots  and  outer  gloves  in  detergent  and  water,  rinse,  and  remove  outer 
gloves. 

•  Remove  and  bag  coveralls.  If  cotton  coveralls  are  used,  bag  in  plastic  bags 
and  wash  prior  to  rewearing. 

•  Remove  respirator,  if  worn. 

•  Remove  surgical  gloves  and  dispose  in  a  plastic  trash  bag. 

•  Wash  hands  and  face. 

•  Sanitize  respirator  nightly,  if  used. 

•  Take  a  shower  and  wash  hair  as  soon  as  possible  after  leaving  the  site. 

Sampling  Equipment  Decontamination  Procedures.  Equipment  needed  will  be  buckets, 
detergent,  cleaner-sanitizer,  brush,  garbage  bags,  hand  soap,  and  paper  towels.  The  decon¬ 
tamination  process  will  include: 

•  Removal  of  all  loose  dirt 

•  Scrub  with  Alconox  and  water 

•  Rinse  with  distilled  water 

•  Rinse  with  methanol 

•  Rinse  with  deionized/distilled  water 

•  Air  dry 

Heavy  Equipment  Decontamination  Procedures.  Wash  off  the  bucket  of  the  backhoe  or 
the  drilling  equipment  with  detergent  and  water.  Rinse  in  water.  Use  an  organic  vapor 
monitor  to  screen  the  backhoe  or  drilling  equipment.  If  organic  vapor  readings  are  detected 
from  the  equipment,  steam  clean  it  prior  to  removing  it  from  the  site. 
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Documentation.  It  is  the  responsibility  of  the  SSC  to  make  sure  that  all  equipment  coming 
offsite  is  properly  decontaminated  according  to  the  procedures  outlined  above.  At  a  mini¬ 
mum,  visual  indication  of  contamination  will  be  removed,  and  no  organic  vapors  detectable 
above  background  should  remain.  The  equipment  and  samples  will  be  clean,  dry,  and  free 
from  stains,  deposits,  encrustations,  or  discoloration.  Documentation  of  decontamination 
must  be  made  in  the  field  log  notebook,  which  will  become  part  of  the  permanent  project 
file.  A  suitable  tag  is  to  be  placed  on  each  piece  of  decontaminated  CH2M  HILL  equip¬ 
ment  (or  group  of  equipment,  such  as  a  bag  of  hand  tools)  stating  the  date  of  decontami¬ 
nation  and  initialed  by  the  SSC. 

Spill  Containment  Procedures 

No  large-scale  spill  containment  procedures  are  required  because  CH2M  HILL  and  its 
subcontractors  are  not  handling  any  large  amounts  of  liquid  materials.  Decontamination 
procedures  will  take  place  over  visqueen  sheeting.  In  the  event  of  a  spill  during  decontami¬ 
nation  activities,  the  spilt  material  will  be  contained. 

Confined  Space  Entry 

No  confined  space  entries  are  planned  during  Phase  n  and  III  activities.  However,  if  they 
become  necessary,  an  additional  health  and  safety  plan  and  a  permit  must  be  developed 
prior  to  conducting  such  entries.  (Refer  to  CH2M  HILL  SOP  HS-17,  contained  in  the 
Waste  Management  and  Industrial  Processes  Discipline  Health  and  Safety  Manual, 
Volume  /.) 


Material  Handling  Procedures 

The  following  general  material  handling  procedures  apply: 

•  Drums  and  containers  meeting  the  appropriate  Department  of  Transportation 
(DOT),  OSHA,  and  EPA  regulations  for  the  waste  contents  (e.g.,  decon 
water)  will  be  used. 

•  Site  operations  will  be  organized  to  minimize  the  amount  of  drum  or 
container  movement. 

•  DOT  salvage  drums  and  suitable  quantities  of  absorbent  will  be  available  and 
used  on  sites  where  hazardous  waste  spills  could  occur. 

•  Electrically  powered  material  handling  equipment  used  to  transfer  decontami¬ 
nation  solutions  will  meet  the  requirements  of  29  CFR  1910.307  for  the 
classification  of  materials  being  handled. 
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Disposal  of  Materials  Generated  During  Fieldwork 

•  Material  generated  during  fieldwork  (decontamination  fluids,  disposable 
protective  gear  or  sampling  devices,  drilling  cuttings,  well  development 
fluids,  etc.)  will  be  considered  as  contaminated  and  handled  accordingly 
unless  adequate  monitoring  or  analytical  data  exists  to  properly  classify  the 
materials  as  nonhazardous. 

•  Material  generated  offsite  (well  drilling  fluids,  etc.)  will  be  returned  to  the 
site  unless  otherwise  specified  by  the  site  owner  or  responsible  party. 

•  Ultimate  responsibility  for  disposal  of  the  material  rests  with  the  site  owner 
or  responsible  party.  CH2M  HILL  may  coordinate  analysis,  packaging, 
storage,  transport  and  disposal  of  waste  material,  but  will  not  assume  respon¬ 
sibility  for  the  waste  (i.e.,  sign  manifests  as  generator,  etc.).  Prior  to  begin¬ 
ning  fieldwork,  the  waste  handling  procedures  will  be  agreed  to  with  the 
client,  site  owner,  and/or  responsible  party. 

•  Laboratory  samples  will  be  returned  to  site,  client,  site  owner,  or  responsible 
party  for  disposal  following  analysis  unless  otherwise  specified. 

Description  of  Planned  Activities 

This  Description  of  Planned  Activities  encompasses  a  broad  range  of  possible  tasks  to  be 
issued  as  task  orders  against  contract  No.  F04699-90-D-()035.  This  section  defines  the 
range  of  *asks  CH2M  HILL  shall  be  responsible  to  perform.  THE  TASK-SPECIFIC 
AMENDMENTS  IDENTIFY  WHICH  ACTIVITIES  ARE  BEING  CONDUCTED 
DURING  THAT  FIELD  EFFORT. 

•  Conduct  field  sampling  of  drums,  spill  sites,  tanks  (above  and  underground), 
monitoring  wells,  past  waste  disposal  sites,  etc.,  and  perform  sample  charac¬ 
terization  studies  to  include  analysis  of  a  wide  variety  of  contaminants  in 
complex  matrices,  including  up  to  297  compounds  listed  as  hazardous  by 
EPA. 

•  Perform  laboratory  and  field  tests  of  environmental  monitoring  and  testing 
equipment,  to  include  validation  of  manual/instrumental  methods,  continuous 
monitors,  analytical  support  and  mathematical  models  using  EPA,  ASTM, 
NR,  and/or  equivalent  procedures  specified  by  the  Air  Force. 

•  Perform  photogrammetric  analyses  of  environmental  and  infrared  photo¬ 
graphs. 

•  Perform  geophysical  studies  to  include,  but  not  be  limited  to,  studies  involv¬ 
ing  magnetometer,  metal  detection,  earth  resistivity,  terrain  conductivity. 
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seismic,  gravity,  ground  penetrating  radar  and  shallow  (less  than  400  feet,  in 
most  cases)  borehole  logging. 

•  Perform  hydrogeological  investigations  to  determine  the  magnitude  and 
extent  of  groundwater  contamination. 

•  Determine  the  direction  and  rate  of  movement  of  contaminants  and  estimate 
the  degree  of  risk  associated  with  contaminant  migration. 

•  Develop  methods  to  mitigate  the  adverse  environmental  effects  of  pollutant 
migration. 

•  Develop  leachate  monitoring  and  analysis  programs  to  comply  with  state  or 
EPA  regulations  required  for  landfills  and  other  hazardous  waste  treatment 
and  disposal  sites  which  are  currently  operated  or  have  been  operated  in  the 
past  by  the  U.S.  Air  Force. 

•  Perform  onsite  geological/hydrological  investigations  required  to  assist  the 
Air  Force  in  selecting  proper  locations  for  new  solid/hazardous  waste  treat¬ 
ment,  storage,  or  disposal  sites  or  other  facilities. 

•  Perform  sampling  of  soil  and  water  in  the  unsaturated  (vadose)  zone  above 
the  water  table  using  techniques  recommended  by  the  National  Water  Well 
Association  (NWWA). 

•  Perform  aquifer  tests  to  determine  the  porosity,  permeability,  specific  yield, 
drawdown  and  extent  of  cones  of  depression  developed  in  aquifers  in  which 
contamination  has  been  found  or  is  suspected. 

•  Conduct  comprehensive  water  supply  and  water  distribution  studies. 

•  Perform  evaluations  of  domestic  water,  industrial  wastewater,  domestic  wast¬ 
ewater,  and  groundwater  treatment  plants. 

•  Perform  water  and  wastewater  characterization,  to  include  ambient  short-temi 
and  continuous  water  monitoring. 

•  Conduct  inflow/infiltration  studies  into  industrial,  reclamation  and  ground- 
water  extract/treatment  systems  at  McClellan  AFB  and  its  satellite  locations. 

•  Perform  treatability  studies,  pilot  plant  investigations,  and  toxicity  and  bioas¬ 
say  determinations. 

•  Prepare  evaluations  and  analyses  providing  sufficient  detail  to  allow  develop¬ 
ment  of  National  Pollutant  Discharge  Elimination  Systems  (NPDES)  permit 
applications,  certifications  and  discharge  .nonitoring  reports. 
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Conduct  instream  biological  monitoring  and  fish-kill  investigations. 

Perform  laboratory  analyses  of  potable  water,  groundwater,  wastewater,  soil, 
sludges,  biologicals,  fuels  or  commercial  products  and  other  environmental 
samples. 

Perform  studies  to  ensure  personnel  safety,  including  the  use  of  explosi- 
meters,  gas  detectors,  and  survey  meters  and  other  equipment  necessary  to 
monitor  air  quality  during  site  operations. 

Prepare  evaluations  and  analyses,  providing  sufficient  details  to  aid  develop¬ 
ment  of  state  or  EPA-mandateu  permit  applications,  certifications,  discharge 
monitoring  reports  and  groundwater  monitoring  reports. 

Perform  necessary  analysis  and  reduction  of  any  physical/chemical  sample  or 
data  acquired  under  activities  outlined  herein. 

Provide  analytical  results  in  both  hard  copy  and  other  formats  suitable  for 
archiving,  including  computer  format. 

When  required  and  specified  in  the  delivery  order,  prepare  sites  for  sampling/ 
monitoring  and  restore  sites  upon  completion  of  work. 

Identify,  evaluate,  design  and  prototype  processes,  equipment,  and  facilities 
which  minimize  the  generation  of  hazardous  wastes  or  improve  environmen¬ 
tal  quality. 

Develop  permits  and  various  applications  as  required  by  the  guidance  docu¬ 
ments. 

Conduct  Community  Relations  Program  requirements  in  accordance  with 
Superfund  Amendments  and  Reauthorization  Act  (SARA). 

Prepare  Site-Specific  Spill  Plans  to  be  maintained  and  reviewed  annually  in 
accordance  with  Air  Force  policy,  guidance  and  directives. 

Develop  Base  Spill  Prevention  and  Response  Plans. 

Conduct  quarterly  review  of  regulatory  requirements  regarding  the  Resource 
Conservation  and  Recovery  Act  (RCRA),  the  Comprehensive  Environmental 
Response.  Compensation,  and  Liability  Act  (CERCLA),  and  the  Superfund 
amendments  and  ongoing  RCRA  and  CERCLA/SARA  Programs  and  other 
background  documents  as  required. 


Prepare  Statements  of  Work. 


Perform  waste  minimization  assessments  and  recommend  process  modifica¬ 
tions  that  eliminate  or  reduce  the  use,  generation,  and  disposal  of  hazardous 
materials  within  production  process.  To  do  this,  project  personnel  will  do 
the  following: 

Analyze  the  results  of  waste  audits  to  identify  the  most  promising 
areas  for  waste  minimization. 

Identify,  devise,  and  prototype  new  approaches  to  reduce  and  mini¬ 
mize  hazardous  wastes  through  process  modification  of  emission/ 
effluent  control. 

Investigate  process  technology  and  develop  conceptual  system  designs 
to  prevent  and  reduce  industrial  pollution  and  haiaidous  waste  gener¬ 
ation. 

Determine  the  environmental  consequ  'nces  of  present  and  proposed 
environmental  regulations  of  any  recommended  process  or  equipment 
changes. 

Recommend  control  technology  for  toxics  and  pollutants  to  address 
recovery/recyc’  and  reduction,  optimization  treatment  (chemical  and 
biological),  onsite  treatment,  and  substitution  with  less  toxic/ 
hazardous  materials. 

^epare  detailed  drawing  packages,  plans,  and  designs  for  waste  mini- 
■vio  .  ^  ilot  projects  relative  to  equipment  design  and  modifications 
eluding  charts,  graphs,  return  on  investments,  and  cost  estimates. 

Document,  evaluate,  and  integrate  the  results  of  pilot  projects  in  on¬ 
going  industrial  processes  operations  through  process  modifications  or 
prototype  development. 

Conduct  and  administer  the  Hazardous  Waste  Training  Program  to  base 
employees  including  requirements  under  29  CFR  1910.120. 

Conduct  Underground  Storage  Tank  Annual  Precision  Leak  Testing. 

Conduct  Environmental  Audit  Assessment  of  base  facilities  and  operation  in 
accordance  with  Air  Force  and  SM-ALC/EM  policy,  guidance,  and  direc¬ 
tives. 

Perform  Inspection  Services  and  Construction  Management  for  Environmen¬ 
tal  Investigations,  Construction  Project  or  Remedial  Action  Implementation. 
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•  Develop  and  maintain  a  computer  data  base  for  tracking  hazardous  waste 
generator/management  data  and  all  delivery  order  project  information. 

•  Maintain  an  inventory  of  McClellan  AFB  permits.  Develop  tracking  system 
to  monitor  environmental  compliance.  This  inventory  and  tracking  system 
will  be  maintained  in  a  microcomputer  within  the  Directorate  of  Environmen¬ 
tal  Management. 

•  Provide  engineering  and  services  to  operate  and  maintain  interim  Remedial 
Measures  and  Remedial  Actions  implemented  by  McClellan  AFB  in  accord¬ 
ance  with  CERCLA/SARA.  This  includes  the  McClellan  Groundwater  Treat¬ 
ment  Plant  and  existing  and  future  groundwater  extractor  systems.  Operation 
and  maintenance  shall  be  conducted  in  accordance  with  existing  procedures. 

•  Prepare  Environmental  Assessments  for  proposed  Air  Force  activities  in 
water  usage,  wastewater  discharge,  solid  waste  disposal,  hazardous  waste 
cleanup,  and  contaminated  groundwater  cleanup. 

•  Document  performance  of  existing  and  future  McClellan  AFB  water,  waste- 
water,  solid  waste,  and  groundwater  treatment  facilities  (including  groundwa¬ 
ter  extraction  systems)  to  include  performance  evaluations  of  individual  unit 
processes  within  a  treatment  facility. 

•  Prepare  comprehensive  studies  to  determine  potable  water  supply,  storage 
and  distribution  requirements  for  McClellan  AFB  and  its  satellite  locations. 

Emergency  Response  Plan 

Pre-Emergency  Planning 

The  SSC  is  to  perform  the  following  pre-emergency  planning  tasks  before  starting  field 
activities  and  will  coordinate  emergency  response  with  the  operating  facility  when  appropri¬ 
ate: 


Locate  telephone  nearest  to  the  site  and  inspect  onsite  communications  (air 
horns,  two-way  radios). 

Confirm  and  post  emergency  telephone  numbers  (see  Form  311  in  Appen¬ 
dix  Q)  and  route  to  hospital. 

Post  site  map  marked  with  locations  of  emergency  equipment  and  supplies. 

Review  emergency  response  plan  for  applicability  to  any  changed  site  condi¬ 
tions,  alterations  in  onsite  operations,  or  personnel  availability. 
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•  Drive  route  to  hospital. 

•  Evaluate  capabilities  of  local  response  teams. 

•  Where  appropriate  and  acceptable  to  the  client,  inform  emergency  room/ 
ambulance  service  and  emergency  response  teams  of  anticipated  types  of  site 
emergencies. 

•  Designate  one  vehicle  as  the  emergency  vehicle  and  place  hospital  directions 
and  map  inside.  Keys  should  be  kept  in  ignition  during  field  activities. 

•  Review  emergency  procedures  for  personnel  injury,  exposures,  fires,  explo¬ 
sions,  chemical,  and  vapor  releases  with  field  personnel. 

•  Inventory  and  check-out  site  emergency  equipment  and  supplies. 

•  Locate  onsite  emergency  equipment  and  supplies  of  clean  water. 

•  Verify  local  emergency  contacts,  hospital  routes,  evacuation  routes,  and 
assembly  points. 

•  Set  up  emergency  personnel  decontamination  station(s). 

•  Rehearse  the  emergency  response  plan  once  prior  to  site  activities. 

•  Brief  new  workers  on  the  emergency  response  plan. 

Personnel  Roles  and  Lines  of  Authority 

The  SSC  takes  the  lead  in  emergencies.  The  SSC  has  the  authority  to  stop  any  site  activi¬ 
ties  posing  an  immediate  health  and  safety  hazard  to  site  personnel  and  must  notify  the 
Project  Manager  or  designer  as  soon  as  practical  of  this  action.  The  Project  Manager  is 
ultimately  responsible  for  health  and  safety  of  the  CH2M  HILL  workers. 

Training 

At  least  two  personnel  currently  certified  in  both  first  aid  and  CPR  will  be  present  during 
field  activities  within  the  exclusion  zone.  The  site’s  Emergency  Response  plan  will  be 
reviewed  in  the  initial  site  safety  briefing  and  will  include: 

•  Emergency  procedures  for  personnel  injury  or  suspected  overexposures,  fires, 
explosions,  and  chemical  spills  or  vapor  releases. 

•  Location  of  onsite  emergency  equipment  and  supplies  of  clean  water. 
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•  Local  emergency  contacts,  hospital  routes,  evacuation  routes,  and  assembly 
points. 

•  Site  communication  and  location  of  nearest  phone  to  the  site. 

•  Names  of  onsite  personnel  trained  in  first  aid  and  CPR. 

•  Notification  procedures  for  contacting  CH2M  HILL’s  medical  consultant  and 
team  member’s  occupational  physician. 

The  emergency  response  plan  will  be  rehearsed  at  least  once  before  site  activities  begin,  and 
periodically  afterwards.  New  workers  on  the  site  will  be  briefed  on  the  emergency  response 
plan  before  entering  the  exclusion  zone. 

Communications 

The  "buddy  system"  will  be  enforced  for  field  activities  involving  potential  exposure  to 
hazardous,  toxic,  or  radioactive  materials,  and  during  any  work  within  the  exclusion  zone. 
Each  person  will  observe  his/her  partner  for  symptoms  of  chemical  overexposures  and  heat 
stress  and  provide  emergency  assistance  when  warranted.  Personnel  working  in  the  exclu¬ 
sion  zone  will  maintain  line  of  sight  contact  or  maintain  communications  (e.g.,  two-way 
radios)  with  the  site  support  facilities.  Offsite  communications  will  consist  of  either  onsite 
telephone  service  or  use  of  the  nearest  telephone  to  the  site. 

Emergency  Signals 

The  following  emergency  signals  shall  be  used: 

Grasping  throat  with  hand 
Thumbs  up 

Grasping  buddy’s  wrist 
2  short  blasts  or  sounds,  repeated 
Continual  sounding  of  horn 

PPE  and  Emergency  Equipment  and  Supplies 

The  following  emergency  equipment  and  supplies  will  be  available  onsite  with  the  locations 
marked  on  the  site  map  and  posted  in  the  support  zone; 

•  20-lb  ABC  fire  extinguisher(s) 

•  First-aid  kit 

•  Stretcher  or  blanket 

•  Supplies  of  clean  water 

•  Eye  wash 

•  Deluge  shower  (when  required  for  emergency  decontamination) 


Emergency— help  me 
OK,  understood 
Leave  site  now 
All  clear 

Emergency— leave  site 
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•  PPE  (protective  clothing,  boots,  and  gloves) 

•  Air  monitoring  equipment 

Emergency  Recognition  and  Prevention 

Prevention  of  emergencies  will  be  aided  by  the  effective  implementation  of  the  health  and 
safety  procedures  specified  in  this  SSP.  The  initial  site  safety  briefing  will  emphasize 
recognition  of  the  types  of  emergencies  anticipated  onsite.  Periodic  safety  briefings  will  be 
conducted  by  the  SSC  as  field  activities  proceed.  Hazards  that  warrant  specific  emergency 
recognition  and  prevention  techniques  will  be  discussed. 

Site  Security  and  Control 

Access  to  McClellan  AFB  is  controlled.  Visitors  must  check  in  with  the  guard  house  at  the 
entrance  and  present  their  driver’s  license  and  car  registration.  Once  inside  the  base,  access 
to  Areas  A,  B,  C,  and  D  is  not  controlled,  though  the  areas  are  delineated  with  a  low  fence. 

Access  to  specific  areas  where  tasks  are  being  conducted  will  be  controlled  by  establishing 
and  clearly  delineating  work  zones.  The  SSC  is  responsible  for  prohibiting  unauthorized 
personnel  from  entering  the  exclusion  and  contamination  reduction  zones. 


Emergency  Medical  Treatment  and  First-Aid 

The  SSC  will  assume  charge  during  a  medical  emergency.  The  following  procedures 
should  be  used; 

•  Prevent  further  injury,  perform  appropriate  decontamination,  and  notify  the 
SSC  and  the  Project  Manager. 

•  Initiate  first  aid  and  get  medical  attention  for  the  injured  immediately. 

•  Depending  upon  the  type  and  severity  of  the  injury,  call  the  medical  consul¬ 
tant  and/or  occupational  physician. 

•  Notify  the  Health  and  Safety  Manager. 

•  Notify  the  injured  person’s  personnel  office. 

•  Notify  the  client  representative. 

•  If  an  injury  occurs,  it  will  be  reported  to  the  SSC,  medical  consultant,  Health 
and  Safety  Manager,  and  the  regional  personnel  office. 
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•  Prepare  an  incident  report.  The  SSC  is  responsible  for  preparing  and  submit¬ 
ting  the  report  to  the  Director  of  Health  and  Safety  and  to  the  CH2M  HILL 
corporate  personnel  office  within  24  hours. 

Emergency  Routes  and  Telephone  Numbers 

Building  123 

Duty  Officer:  32751  (on  base)  916/643-2751  (off  base) 

Police:  112  (on  base)  916/643-6168  (off  base) 

Fire:  117  (on  base)  916/643-5622  (off  base) 

Emergency  Assistance:  116  (on  base) 

Ambulance:  1 16  (on  base) 

Site  Contact:  916/643-1250— Mr.  Fran  Slavich 
Utilities:  34875  (on  base)  916/643-4875  (off  base) 

McClellan  Clinic:  35420  (on  base)  916/646-8420; 

Urgent  Care  Hours:  0730  to  1900 
General  Hospital:  American  River  Hospital,  4747  Engle  Road, 

Carmichael,  CA  95608; 

916/848-2100 

Directions  to  Hospital:  Exit  McClellan  Air  Force  Base  through  the  main  gate  to  Watt 

Avenue.  Turn  right  onto  Watt  Avenue  and  travel  south  to  Whit¬ 
ney  Avenue.  Turn  left  onto  Whitney  Avenue  and  travel  east  to 
Mission  Avenue.  Turn  left  onto  Mission  Avenue  and  travel  north 
to  Engle  Road.  Turn  right  (east)  onto  Engle  Road.  Hospital  is  at 
4747  Engle  Road.  (See  attached  map.) 

CHEMTREC:  800/424-9300 
TOSCA  Hotline:  202/554-1404 
CDC:  404/452-4100 
National  Response  Center:  800/424-8802 
EPA  ERT  Emergency:  201/321-6660 
RCRAHoUine:  800/424-9346 

Emergency  Decontamination 

Personnel  will  be  decontaminated  to  the  extent  feasible  (usually  a  "gross  decon"  or  deluge) 
but  life-saving  and  first  aid  procedures  take  priority  over  personnel  decontamination  efforts. 
The  personnel  decontamination  procedures  specified  in  the  ftocedures  section  of  this  SSP, 
will  apply  for  injuries  deemed  nonlife-threatening  by  the  SSC. 

Evacuation  Routes  and  Procedures 

Onsite  evacuation  routes  will  be  designated.  Personnel  will  exit  the  site  exclusion  zone/ 
contamination  reduction  zone  and  assemble  at  the  onsite  assembly  point  in  the  support 
zone.  The  SSC  will  account  for  personnel  at  the  onsite  assembly  point  and  notify  local 
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emergency  responders.  The  SSC  will  assess  the  need  for  site  evacuation  based  on  the 
degree  of  hazard  posed  to  site  personnel  remaining  in  the  support  zone.  Offsite  evacuation 
routes  and  assembly  points  will  also  be  designated.  A  person  designated  by  the  SSC  will 
account  for  personnel  at  the  offsite  assembly  point.  The  SSC  and  an  assistant  will  remain 
onsite  in  the  event  of  site  evacuation  (if  feasible)  to  assist  local  responders  and  advise  them 
on  the  nature  and  location  of  the  incident. 

Onsite  and  offsite  evacuation  routes/assembly  points  will  be  designated  on  the  site  map  and 
posted.  They  will  be  based  on  site  topography  and  layout;  anticipated  safe  distances  for 
places  of  refuge;  prevailing  weather  conditions;  and  anticipated  location  or  magnitude  of 
site  emergencies.  Wind  flags  will  be  installed  in  the  exclusion  and  support  zones  to  assist 
personnel  in  determining  upwind  evacuation  routes. 

Evacuation  Routes  (Onsite  and  Offsite):  Evacuation  routes  will  be  dependent  on  the  type  of 
accident  and  wind  direction.  McClellan  AFB  has  first  and  second  responders  to  handle 
evacuations. 

Assembly  Points  (Onsite  and  Offsite):  Assembly  points  vary  by  building  and  areas.  There¬ 
fore,  it  will  be  the  responsibility  of  the  SSC  to  determine  the  assembly  point  for  each  loca¬ 
tion  from  the  appropriate  base  representative. 

Critique  of  Response  and  Followup 

The  SSC  will  evaluate  the  effectiveness  of  the  emergency  response  and  recommend  proce¬ 
dures  for  improving  emergency  response  to  the  SSP  approver.  Followup  activities  include 
notification  of  the  injured  person’s  personnel  office  within  24  hours  of  the  injury.  Incidents 
of  suspected  overexposures  will  require  the  notification  of  CH2M  HILL’s  medical  consul¬ 
tant  and  the  injured  person’s  occupational  physician  so  that  they  may  provide  assistance  and 
relevant  information  to  the  local  hospital’s  emergency  room  physician. 

Emergency  Contacts 

CH2M  HILL  Medical  Consultant 

Name:  Dr.  Kenneth  Chase,  Washington  Occupational 

Health  Associates,  Inc. 

Phone:  202/463-6698  (8-5  eastern  standard  time) 

202/463-6440  (after  hours  answering  service;  physician 
will  return  call  within  30  minutes) 

•  CH2M  HILL  Director  of  Health  and  Safety 

Name;  Marty  Mathamel/WDC 

Phone:  703/471-1441 
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District  Health  and  Safety  Manager 


Name:  Allen  Macenski 

Phone:  714/250-5522 

Health  and  Safety  Plan  Approver 

Name:  Mollie  Netherland 

Phone:  206/453-5000 

Radiation  Health  Officer 

Name:  George  Stevens/ORO 

Phone:  615/483-9032 

CH2M  HILL/CVO  Occupational  Physician 

Name:  Corvallis  Clinic 

Phone:  503/754-1150 

Address:  Corvallis,  Oregon 

CH2M  HILL/SAC  Occupational  Physician 

Name:  Dr.  Patrick  J.  Clancy,  ERGO  Test  and  Diagnostic 

Medical  Group 

Phone:  916/444-2717 

Address:  2828  Q  Street,  Sacramento,  CA 

CH2M  HILL/PDX  Occupational  Physician 

Name:  Dr.  Kirby  Griffin,  Center  for  Occupational  Health 

Phone:  503/297-441 1 

Address:  9205  SW  Barnes  Road,  Suite  103,  Portland,  OR 

CH2M  HILL  Program  Manager 

Name:  Starr  Dehn/SAC 

Phone:  916/920-0300 

Client  Contact 

Name:  Mr.  Fran  Slavich 

Phone:  916/643-1250 
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•  CH2M  HILL  Regional  Manager 

Name:  Steve  DeCou/SAC 

Phone:  916/920-0300 

•  Personnel  Office 

Name:  Lynne  Robertson/CVO 

Phone:  503/752-4271 

Name:  Scott  Olson/SAC 

Phone:  916/920-0300 

If  an  injury  occurs,  notify  the  injured  person’s  personnel  office  as  soon  as  possible  after 
obtaining  medical  attention  for  the  injured.  Notification  MUST  be  made  within  24  hours  of 
the  injury. 

•  CH2M  HILL  Director  of  Health  and  Safety  for  Waste  Management  and 
Industrial  Processes 

Name:  Marty  Mathamel/WDC 

Phone:  703/471-1441 

•  CH2M  HILL  Corporate  Personnel  Office 

Name:  Beth  Brown/DEN 

Phone:  303/771-0900 


Health  and  Safety  Attachments: 


•  Appendix  Q: 

•  Appendix  R: 

•  Appendix  S: 

•  Appends  T: 

•  Appendix  U: 


Form  311,  Emergency  Phone  Numbers 

Form  533,  Record  of  Hazardous  Waste  Field  Activity 

Material  Safety  Data  Sheets 

Health  and  Safety  Site  Meeting  Signature  Page 

Health  and  Safety,  Subcontractor  Activities 


Distribution  of  approved  plan: 


Project  Manager  (responsible  for  distribution  to  team  members  and  client) 
Director  of  Health  and  Safety 


Plan  Approval 


This  site  safety  plan  has  been  written  for  the  use  of  CH2M  H ILL’S  employees  and  subcon¬ 
tractors.  CH2M  HILL  claims  no  responsibility  for  its  use  by  others.  The  plan  is  written  for 
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the  specific  site  conditions,  purposes,  dates,  and  personnel  specified  and  must  be  amended 
if  these  conditions  change. 


PLAN  PREPARED  BY:  Robert  Evangelista/SAC  Date:  4/24/90  _ 

(name/office/home  phone) 

APPROVED  BY:  Jane  Stansfield/DEN _  Date:  4/27/90 

(name/office/home  phone) 

(Note  to  Preparer:  SSPs  for  sites  where  the  potential  exists  for  exposure  to  ionizing 

radiation  require  the  approval  of  the  Radiation  Health  Officer.) 

MODIHED  BY:  Calvin  Noling/CVO _  Date:  6/26/92 _ 

503/752-4271 

MODinCATIONS 

APPROVED  BY:  MolUe  Netherland/SEA  Date:  7/9/92 

(206/453-5005) 
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CH2M  HILL  Site  Safety  Plan  Addendum  No.  1 

Note:  This  addendum  pertains  to  work  previously  conducted  and  does  not  cover  the  activi¬ 
ties  that  are  currently  being  conducted.  Consequently,  no  attachments  or  appendices  to  this 
addendum  are  included. 

The  health  and  safety  program  for  CH2M  HILL  personnel  working  at  McClellan  Air  Force 
Base  (McClellan  AFB)  consists  of  a  base  site  safety  plan  (SSP)  and  task-specific  adden¬ 
dums.  The  base  SSP  contains  general  information  that  applies  to  all  or  most  areas  of  the 
site.  The  base  SSP  contains:  the  project  description,  personnel  responsibilities,  site 
hazards,  personal  protective  equipment  (PPE),  air  monitoring  guidelines,  site  control,  decon¬ 
tamination  procedures,  and  an  emergency  response  plan.  The  task-specific  addendums  are 
written  to  add  additional  information  regarding  the  specific  source  areas  and  field  activities. 
The  addendums  not  only  define  the  specific  field  activities  and  team  members,  but  they 
contain  changes  or  clarifications  of  the  potential  hazards,  air  monitoring  requirements,  PPE, 
decontamination  procedures,  and  emergency  contacts.  The  addendums  can  be  more  or  less 
restrictive  than  the  base  SSP,  depending  on  the  type  of  filed  activities  being  conducted. 
Neither  the  base  SSP  or  the  addendums  are  stand-alone  documents;  both  documents 
contain  important  information  and  they  must  be  used  in  conjunction  with  each  other. 

Client:  McClellan  Air  Force  Base 
Project  No.:  SAC28722.19 
Project  Manager:  Jerry  Tracy/CVO 
Field  Task  Manager:  Dave  Myers/C  VO 

Site  Name:  McClellan  Air  Force  Base,  Operable  Unit  (OU)  D,  Site  S  (see  Figure  1-1  in 
Section  1) 

Dates  of  Field  Visit:  June  through  November,  1991 
Overall  Hazard:  Low  to  moderate 

Purpose  of  Field  Visit:  A  soil  vapor  extraction  (SVE)  treatability  investigation  will  be 
conducted  at  Site  S  in  OU  D.  Soil  samples  will  be  taken  from  borings  drilled  on  the  site, 
and  onsite  headspace  analyses  will  be  conducted.  Air  permeability  testing  and  SVE  pilot 
testing  will  be  performed  at  the  site. 

Physical  Hazards 

Because  the  drilling  and  sampling  activities  will  be  taking  place  during  the  summer  months 
and  PPE  is  being  worn,  heat  stress  is  a  major  concern.  See  Attachment  B  to  the  basr  SSP 
for  detailed  information  on  heat  stress. 

To  help  lessen  the  effects  of  heat  stress,  personnel  will  be  acclimated  prior  to  working  in 
extreme  conditions.  For  nonacclimated  workers  in  good  physical  condition,  full  acclimizat- 
ion  takes  4  to  5  days.  Work  schedule  will  be  adjusted  as  necessary  to  take  advantage  of  the 
cooler,  early  morning  hours.  Provisions  will  be  made  to  provide  adequate  lighting  for 
predawn  activities. 
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The  work/rest  schedule,  as  outlined  in  Attachment  B,  will  be  followed.  In  addition,  cooling 
devices  such  as  MSA’s  Core  Control  or  Ice  Chest  Cooling  Vest  will  be  utilized,  if  neces¬ 
sary.  To  determine  the  effectiveness  of  these  work  and  engineering  controls,  heat  stress 
monitoring  will  be  conducted  when  the  ambient  temperature  is  above  85°  to  90°F. 

Certain  chemical  substances  will  be  provided  by  CH2M  HILL  to  accomplish  the  field 
work.  In  accordance  with  20  CFR  1920.1200,  Hazard  Communication,  Material  Safety 
Data  Sheets  for  these  products  are  included  as  appendixes. 

Soil  boring  activities  pose  safety  hazards  to  personnel  in  the  immediate  vicinity  of  the  drill 
rig.  To  protect  personnel  from  overhead  falling  objects  (i.e.,  bolts,  wrenches,  pieces  of 
pipe),  hard  hats  must  be  worn  in  the  immediate  vicinity  of  the  drill  rig.  Safety  glasses  are 
also  required  to  protect  against  flying  projectiles  that  could  be  caused  by  hammering 
fittings/connections  and  drive  casings.  No  overhead  powerlines  or  buried  utilities  are  antici¬ 
pated  where  the  drilling  is  being  conducted.  Hearing  protection  (ear  plugs)  will  also  be 
required  when  working  around  the  drilling  equipment. 

Because  sampling  will  take  place  on  the  top  of  the  cap  and  near  the  wells  in  OU  D,  trip, 
slip,  and  fall  hazards  are  expected.  During  the  rainy  season  (December  to  February),  the 
potential  for  slipping  and  falling  is  greater  than  during  the  drier  months. 

Chemical  Hazards 

The  contamination  at  the  site  is  confined  to  the  soils  and  the  underlying  groundwater. 
Because  the  site  is  covered  with  an  impermeable,  multilayer  cap,  the  contaminated  soil  is 
not  expected  to  present  a  hazard  at  the  site  until  disturbed  by  drilling  activities. 

In  all  areas  of  the  site  during  drilling,  the  volatile  organic  compounds  shown  in  Table  1  (not 
presented)  may  be  encountered  in  the  soil  at  concentrations  ranging  from  1  to  100  ppm.  In 
addition,  the  compounds  listed  in  Table  2  (not  shown)  have  been  detected  in  soils  onsite  at 
levels  less  than  1  ppm.  Except  for  1,1,1-trichloroethane,  all  of  these  compounds  can  be 
detected  using  a  10.2  eV  photoionization  detector  (PID). 

Semivolatile  organic  compounds  detected  in  the  soils  at  Site  S  include  the  chemicals  in 
Table  3  (not  shown).  These  compounds  would  not  be  expected  to  volatilize,  but  exposures 
could  occur  via  inhalation  of  dust  particles.  At  the  concentrations  that  were  detected  in  the 
soils,  exposures  that  would  occur  for  dust  concentrations  below  the  nui.sance  dust  level  of 
5  mg/m^  would  be  acceptable. 

Cyanide  was  detected  in  soils  on  and  near  Site  S  at  levels  ranging  from  13  to  33  ppm.  The 
permissible  exposure  limit  (PEL)  for  cyanide  is  5  mg/m\  so  the  acceptable  level  for  cyanide 
would  not  be  exceeded  for  air  particulate  concentrations  less  than  the  nuisance  dust  levels. 

Freon  1 13  has  been  detected  at  other  waste  sites  within  OU  D,  and  there  is  a  possibility  that 
it  could  be  encountered  during  drilling  activities  in  Site  S.  Freon  1 13  has  a  high  ionization 
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potential  (11.78  eV)  and,  therefore,  cannot  be  detected  with  a  photoionization  detector.  It 
can  be  detected  with  an  organic  vapor  analyzer  (OVA).  The  PEL  for  Freon  113  is 
1,000  ppm. 


Because  OU  D  contains  bum  pits  used  for  transformer  oils  and  chlorinated  solvents,  dioxin 
could  be  present.  Samples  taken  at  another  burn  pit  area  on  the  Base  indicates  that  the 
dioxin  levels  are  very  low  (less  than  0.17  ppb).  However,  because  the  allowable  exposure 
level  is  also  very  low,  it  is  possible  that  overexposures  could  occur  at  dust  levels  below  the 
detection  limit  of  the  mini  RAM  detector.  Therefore,  Level  C  must  be  worn  when  drilling 
through  the  waste  pit  area,  estimated  to  extend  to  20  feet  below  ground  surface. 


Site  Personnel:  This  Addendum  adds  site  personnel  as  follows: 


Starr  Dehn/SAC 
Jo  Danko/eVO 
Ken  White 
Dave  Myers/eVO 
Teresa  Danovich/CVO 
Barry  Collom/CVO 
Kevin  Leary/PDX 

Level  of  Protection: 


Project  Administrator/Observer 
Project  Engineer 
Project  Geologist 

Project  Engineer  &  Field  Task  Manager 
Project  Hydrogeologist 
Field  Technician/Level  C  SSC 
Project  Hydrogeologist 


A:  B:  C:  X  D:  X 


Level  C  is  required  while  drilling  through  the  waste  pit  area.  It  is  estimated  that  the  first 
20  feet  of  drilling  will  be  completed  in  Level  C,  but  the  depth  of  the  waste  pit  and  other 
action  levels  will  dictate  when  Level  C  is  worn.  After  the  drilling  has  been  completed  in 
the  waste  pit  area  the  levels  of  protection  will  be  determined  based  on  the  action  levels 
outlined  in  the  base  SSP  and  in  this  addendum.  This  addendum  is  not  approved  for  work  in 
Level  B. 


Monitoring  Equipment: 

1.  Explosimeter/02  meter.  Monitoring  frequencies  and  action  levels  outlined  in  the  base 
SSP  will  be  used. 

2.  Mini-Rad.  Monitoring  frequencies  and  action  levels  outlined  in  the  base  SSP  will  be 
used. 

3.  HNu.  Monitoring  frequencies  and  action  levels  outlined  in  the  base  SSP  will  be 
used. 

4.  Vinyl  Chloride  Detector  Tubes.  Monitoring  frequencies  and  action  levels  outlined  in 
the  base  SSP  will  be  used. 
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5. 


OVA  The  OVA  will  be  used  for  the  initial  survey  of  each  soil  boring  at  the  site  to 
check  for  the  presence  of  Freon  113  and  other  compounds  with  ionization  potentials 
(IPs)  above  10.2  eV.  If  during  the  initial  survey  it  is  determined  that  such  com¬ 
pounds  are  present,  OVA  monitoring  will  be  completed  during  all  drilling  at  that 
location.  If  elevated  readings  are  obtained  on  the  OVA,  it  must  first  be  determined 
if  the  elevated  readings  are  due  to  methane.  If  the  OVA  and  HNu  readings  are  the 
same  and  explosimeter  readings  are  not  above  background,  the  compounds  being 
detected  are  those  with  an  IP  below  10.2  eV  and  methane  is  not  present.  The  action 
levels  for  the  HNu  in  the  base  plan  will  be  followed. 

If  the  OVA  readings  are  elevated  and  are  higher  than  the  HNu  readings,  the  differ¬ 
ence  may  be  due  to  methane  or  compounds  which  have  an  IP  greater  than  10.2  eV. 
If  the  OVA  and  explosimeter  readings  indicate  that  methane  is  present,  the  explosi¬ 
meter  action  levels  in  the  base  plan  will  be  followed.  If  it  is  determine  that  the 
elevated  readings  are  not  due  to  methane,  the  HNu  action  levels  in  the  base  plan  will 
be  followed. 

Addendum  Written  By;  Kathy  Brewer 

Date:  4/12/91 

Addendum  Approved  By;  Mollie  Netherland 
Date;  4/22/91 
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CH2M  HILL  Site  Safety  Plan  Addendum  No.  2 


The  health  and  safety  program  for  CH2M  HILL  personnel  working  at  McClellan  Air  Force 
Base  (McClellan  AFB)  consists  of  a  base  site  safety  plan  (SSP)  and  task  specific  adden¬ 
dums.  The  base  SSP  contains  general  information  that  applies  to  all  or  most  areas  of  the 
site.  The  base  SSP  contains:  the  project  description,  personnel  responsibilities,  site 
hazards,  personal  protective  equipment  (PPE),  air  monitoring  guidelines,  site  control,  decon¬ 
tamination  procedures,  and  an  emergency  response  plan.  The  task-specific  addendums  are 
written  to  add  additional  information  regarding  the  specific  source  areas  and  field  activities. 
The  addendums  not  only  define  the  specific  field  activities  and  team  members,  but  they 
contain  changes  or  clarifications  of  the  potential  hazards,  air  monitoring  requirements,  PPE, 
decontamination  procedures,  and  emergency  contacts.  The  addendums  can  be  more  or  less 
restrictive  than  the  base  SSP,  depending  on  the  type  of  field  activities  being  conducted. 
Neither  the  base  SSP  or  the  addendums  are  stand-alone  documents;  both  documents 
contain  important  information  and  they  must  be  used  in  conjunction  with  each  other. 

General  Information 

Client:  McClellan  Air  Force  Base 
Project  No.:  SAC28722.38 
Project  Manager:  Jerry  Tracy/CVO 
Field  Task  Manager:  Ken  White/S  AC 

Site  Name:  McClellan  Air  Force  Base,  Operable  Unit  (OU)  D,  Site  S 
Dates  of  Field  Visit:  June  1992  through  May  1993 
Overall  Hazard:  Low  to  moderate 

Purpose  of  Field  Visit:  A  soil  vapor  extraction  (SVE)  treatability  investigation  will  be 
conducted  at  Site  S  in  OU  D.  Soil  samples  will  be  taken  from  borings  drilled  on  the  site 
and  SVE  pilot  testing  will  be  performed  at  the  site.  Additional  tasks  will  be  conducted  by 
Terra  Vac,  a  CH2M  HILL  subcontractor.  See  Appendix  T  for  the  Health  and  Safety  Plan 
that  discusses  Terra  Vac’s  activities  and  the  associated  hazards. 


Site  Characteristics 

The  site  characteristics  are  outlined  in  the  base  SSP. 


Waste  Characteristics 

The  waste  characteristics  are  discussed  in  the  base  SSP. 
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Hazard  Evaluation 


Physical  Hazards 

Temperature  Extremes.  Because  some  of  the  drilling  and  sampling  activities  will  be 
taking  place  during  the  summer  months  and  PPE  is  being  worn,  heat  stress  is  a  major 
concern.  See  the  base  SSP  for  detailed  information  on  heat  stress. 

To  help  lessen  the  effects  of  heat  stress,  personnel  will  be  acclimated  prior  to  working  in 
extreme  conditions.  For  nonacclimated  workers  in  good  physical  condition,  full  acclimizat- 
ion  takes  4  to  5  days.  Work  schedule  will  be  adjusted  as  necessary  to  take  advantage  of  the 
cooler,  early  morning  hours.  Provisions  will  be  made  to  provide  adequate  lighting  for 
predawn  activities.  The  work/rest  schedule,  as  outlined  in  the  base  SSP,  will  be  followed. 
In  addition,  cooling  devices  such  as  MSA’s  Core  Control  or  Ice  Cl.'^st  Cooling  Vest  will  be 
utilized,  if  necessary.  To  determine  the  effectiveness  of  these  work  and  engineering 
controls,  heat  stress  monitoring  will  be  conducted  when  the  ambient  temperature  is  above 
73°F. 

Other  work  during  the  SVE  treatability  study  will  take  place  during  the  cooler  winter 
months.  Although  Sacramento  is  not  prone  to  frequent  sub-freezing  temperatures,  cold 
stress  may  be  a  concern.  See  the  base  SSP  for  detailed  information  on  cold  stress.  To  help 
lessen  the  effects  of  cold  stress,  personnel  should  wear  layered  clothing  and  have  a  change 
of  clothing  available  onsite.  If  clothing  becomes  wet,  it  should  be  changed  immediately. 
Personnel  should  take  breaks  in  a  heated  area  and  drink  warm  fluids,  but  avoid  those 
containing  caffeine.  They  should  avoid  prolonged  work  when  the  wind  chill  factor  is  below 
0°F  and  schedule  a  warmup  break  at  least  every  2  hours. 

Soil  boring  activities  pose  safety  hazards  to  personnel  in  the  immediate  vicinity  of  the  drill 
rig.  To  protect  personnel  from  overhead  falling  objects  (i.e.,  bolts,  wrenches,  pieces  of 
pipe),  hard  hats  must  be  worn  in  the  immediate  vicinity  of  the  drill  rig.  Safety  glasses  are 
also  required  to  protect  against  flying  projectiles  that  could  be  caused  by  hammering 
fittings/connections  and  drive  casings.  Loose  clothing  and  long  hair  are  prohibited  in  the 
area  immediately  adjacent  to  the  drill  rig.  No  overhead  powerlines  or  buried  utilities  are 
anticipated  where  the  drilling  is  being  conducted,  but  location  of  buried  utilities  will  be 
verified  prior  to  drilling.  Hearing  protection  (ear  plugs)  will  also  be  required  when  working 
around  the  drilling  equipment. 

Trip,  slip,  and  fall  hazards  are  expected  to  be  present  especially  during  the  rainy  season 
(December  to  February).  Personnel  will  use  care  when  working  in  wet  or  muddy  areas.  In 
areas  of  extreme  mud,  pallets  or  similar  devices  will  be  used  to  reduce  the  slip  and  fall 
hazards. 

Hazards  t3q)ically  encountered  at  construction  sites  wiU  be  a  concern  at  this  site.  These 
include  slippery  ground  surfaces,  uneven  terrain,  holes/trenches,  and  operation  of  heavy 
equipment.  The  basic  safety  apparel  such  as  steel-toed  shoes,  hard  hats,  and  safety  glasses 
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will  be  worn  during  all  construction  activities  by  all  employees  involved.  Personnel  will 
remain  at  least  2  feet  from  the  edge  of  holes  and  trenches  and  will  not  enter  any  excava¬ 
tions  deeper  than  4  feet  unless  properly  shored  or  sloped  in  accordance  with  Cal-OSHA 
regulations.  Personnel  will  remain  in  visual  contact  with  the  equipment  operator  and  will 
remain  outside  of  the  equipment’s  working  area. 

Environmental  Hazards 

When  weather  conditions  change,  the  Project  Manager  and  the  SSC  will  be  responsible  for 
determining  if  work  procedures  can  be  performed  safely.  If  engineering  controls  are 
required  to  continue  work,  the  procedures  must  be  approved  by  the  Site  Safety  Coordinator. 

Noise  Stress 

Noise  is  defined  as  any  undesirable  sound.  Excessive  noise  can  destroy  the  ability  to  hear 
and  may  put  stress  on  other  parts  of  the  body  including  the  heart.  Prevention  from  exces¬ 
sive  exposure  is  the  only  way  to  avoid  the  health  hazards  of  noise.  Hearing  protection  will 
be  provided  to  employees  who  work  within  25  feet  of  the  drill  rig;  in  areas  where  conversa¬ 
tions  must  be  shouted  at  a  distance  of  3  feet.  If  it  is  anticipated  that  the  8-hour  time  weigh¬ 
ted  average  (TWA)  is  85  dbA  or  greater,  monitoring  is  required.  See  the  base  SSP  for 
sound  level  monitoring  action  levels. 

Biologic  Hazards 

Venomous  snakes  and  spiders  may  be  found  at  this  site.  These  cold-blooded  animals  are 
likely  to  be  found  in  sunny  locations  during  cold  weather.  During  warm  days  they  will 
most  likely  be  found  in  shadow.  Employees  will  be  advised  to  take  precautions.  Long 
pants  (e.g.,  tyvek)  and  boots  will  be  worn  to  help  protect  employees  from  these  hazards. 

Chemical  Hazards 

The  contamination  at  the  site  is  confined  to  the  soils  and  the  underlying  groundwater. 
Because  the  site  is  covered  with  an  impermeable,  multilayer  cap,  the  contaminated  soU  is 
not  expected  to  present  a  hazard  at  the  site  until  disturbed  by  drilling  activities.  Since  the 
site  is  covered  with  an  impermeable,  multi-layered  cap,  the  contaminated  soil  is  not  expect¬ 
ed  to  present  a  hazard  during  operation  of  the  vacuum  extraction  system. 

The  primary  hazard  onsite  is  the  possible  release  of  potentially  hazardous  levels  of  volatile 
organic  compounds  from  soils  as  the  result  of  soil  disturbance  activities.  In  general,  the  soil 
contaminants  have  been  shown  to  consist  of  various  volatile  and  semivolatile  organic 
compounds.  A  list  of  expected  compounds  with  exposure  limits  is  detailed  in  Table  8-5. 
Common  symptoms  of  overexposure  to  compounds  at  the  site  are  drowsiness,  headache, 
dizziness,  loss  of  coordination,  fatigue,  tremors  or  irritation  of  the  eyes,  nose,  or  throat. 
Compound-specific  symptoms  of  overexposure  are  found  in  Table  8-5. 
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Semivolatile  organic  compounds  detected  in  the  soils  at  Site  S  would  not  be  expected  to 
volatilize,  but  exposures  could  occur  via  inhalation  of  dust  particles.  At  the  concentrations 
that  were  detected  in  the  soils,  exposures  that  would  occur  for  dust  concentrations  below  the 
nuisance  dust  level  of  5  mg/m^  would  be  acceptable. 

Although  dioxins  and  furans  were  detected  in  several  soil  samples  at  Site  S,  no  TCDDs  or 
TCDFs,  the  compounds  of  primary  concern,  were  detected.  The  toxicity  of  the  mixture  of 
isomers  at  the  reported  concentrations  was  calculated  using  EPA’s  I-TEF/89  2,4,7, 8-tetrachl- 
orodibenzo-p-dioxin  (TCDD)  toxic  equivalency  methodology  and  factors.  The  highest 
TCDD  equivalent  concentration  calculated  was  1.09  ppb,  considerably  less  than  the  10  ppb 
threshold  contaminant  level  for  TCDD  used  under  California  law  to  define  a  hazardous 
waste.  However,  because  the  allowable  exposure  level  is  also  very  low,  it  is  possible  that 
overexposures  could  occur  at  dust  levels  below  the  detection  limit  of  the  mini  RAM  detec¬ 
tor.  Therefore,  Level  C  must  be  worn  when  drilling  through  the  waste  pit  area,  estimated  to 
extend  to  20  feet  below  ground  surface.  Samples  collected  below  the  waste  pit  which  were 
analyzed  for  dioxin  did  not  contain  detectable  concentrations. 

Certain  chemical  substances  will  be  provided  by  CH2M  HILL  to  accomplish  the  field 
work.  In  accordance  with  29  CFR  1920.1200,  Hazard  Communication,  Material  Safety 
Data  Sheets  for  these  products  are  included  in  Appendix  L. 

Procedures 
Site  Personnel 

The  training  requirements  for  the  site  personnel  are  identified  in  the  base  SSP. 

Team  Member/Office  Responsibilities 

Jo  Danko/CVO  SVE  Technical  Coordinator 

Ken  White/SAC  Project  Geologist  &  Field  Task  Leader 

Barry  Collom/CVO  Field  Technician/Level  C  SSC 

Level  of  Protection 

A:  _  B:  _  C:  _K_  D:  X 

Tables  8-6  and  8-7  outline  the  required  personal  protective  equipment  (PPE),  and  reasons  to 
up-  and  down-grade  levels  of  protection,  respectively.  Table  8-8  outlines  the  potential 
routes  of  exposure  to  contaminants. 

Monitoring  Equipment 

1.  Explosimeter/Oj  meter.  Monitoring  frequencies  and  action  levels  outlined  in  the  base 
SSP  will  be  used. 
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2.  Mini-Rad.  Monitoring  frequencies  and  action  levels  outlined  in  the  base  SSP  will  be 
used. 

3.  HNu.  The  HNu  with  a  10.2  eV  lamp  cannot  detect  a  variety  of  compounds,  includ¬ 
ing  Freon  12,  1,1,1-TCA,  1,1-DCA,  and  methylene  chloride,  detected  at  the  site. 
Because  of  this  limitation,  the  HNu  with  a  10.2  eV  cannot  be  used  as  the  sole 
instrument  for  health  and  safety  monitory.  The  HNu  with  a  11.7  eV  lamp  or  an 
OVA  will  be  used.  If  the  HNu  with  an  11.7  eV  lamp  is  used,  follow  the  action 
levels  in  the  base  SSP.  (If  the  OVA  is  used,  see  OVA  monitoring  requirements 
below.) 

4.  Vinyl  Chloride  Detector  Tubes.  Monitoring  frequencies  and  action  levels  outlined  in 
the  base  SSP  will  be  used.  If  there  is  a  color  change  in  the  detector  tube.  Level  B 
protection  is  required  unless  laboratory  analysis  indicates  that  vinyl  chloride  is  not 
present. 

5.  OVA.  The  OVA  will  be  used  for  the  initial  survey  of  each  soil  boring  at  the  site  to 
check  for  the  presence  of  compounds  with  ionization  potentials  (IPs)  above 
10.2  eV.  If  during  the  initial  survey  it  is  determined  that  such  compounds  are  pres¬ 
ent,  OVA  monitoring  will  be  utilized  during  all  drilling  at  that  location.  If  elevated 
readings  are  obtained  on  the  OVA,  it  must  be  determined  if  the  elevated  readings  are 
due  to  methane.  This  can  be  determined  by  using  a  charcoal  filter  provided  with  the 
OVA.  The  action  levels  in  the  base  SSP  will  be  followed. 

Emergency  Response  Plan 

This  section  is  addressed  in  the  base  SSP. 

Emergency  Contacts 

This  section  is  addressed  in  the  base  SSP. 

Plan  Approval 

Addendum  Written  By:  Calvin  Noling/CVO 

Date;  6/29/92 

Addendum  Approved  By:  Mollie  Netherland/SEA 

Date:  7/9/92 _ 
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Section  9 

Residuals  Management 

Soil 

Drill  cuttings  from  the  soil  borings  will  be  temporarily  stored  onsite  in  rolloff  bins  and/or 
55-gallon  drums.  Two  grab  samples  from  each  bin  or  one  from  every  10  drums  will  be 
collected  at  the  conclusion  of  each  sampling  period  (pre-operation,  mid-operation,  and  post¬ 
operation  soil  investigations)  and  analyzed  in  accordance  with  the  toxicity  characteristic 
leaching  procedure  (TCLP),  and  for  total  petroleum  hydrocarbon  (TPH)  (EPA  Method 
8015/8020),  and  aquatic  toxicity  (EP A/600/4-90/027).  Samples  will  also  be  tested  for  com¬ 
parison  with  total  threshhold  limit  concentration  (TTLC).  The  analytical  data  will  be  used 
to  determine  the  identification  and  disposition  for  the  waste  stream.  Ultimate  disposition  of 
the  drill  cuttings  will  be  handled  by  McClellan  AFB. 

Sample  Designation 

The  rolloff  bins  will  be  labeled  to  enable  cross  referencing  of  the  soil  samples  with  rolloff 
bins. 

The  station  code  for  soil  characterization  samples  will  be  CHAR  for  characterization.  The 
sample  code  will  consist  of  a  dash  (-)  followed  by  a  sequential  sample  number  beginning 
with  01.  The  letters  A  and  B  will  be  used  to  designate  pairs  of  grab  samples  collected  from 
a  single  bin. 

Example:  CHAR-01  A  (soil  characterization.  Bin  No.  1,  first  grab  sample) 

CHAR-03B  (soil  characterization.  Bin  No.  3,  second  grab  sample) 
CHAR-04  (soil  characterization,  drum,  grab  sample) 


Water 

Waste  liquids  generated  during  the  drilling  program  will  consist  of  water  used  for  decon¬ 
tamination  of  drilling/testing  equipment  and  personnel.  Water  will  also  be  generated  in  the 
air/water  separator  during  operation  of  the  pilot  system.  CH2M  HILL  will  coordinate 
handling  and  disposal  of  the  wastewater  at  the  on-base  wastewater  treatment  plant. 
Wastewater  will  be  temporarily  held  onsite  until  it  can  be  disposed. 


Solid  Waste 

Disposable  materials  contaminated  during  the  sampling  operations  (e.g.,  tyveks,  booties, 
gloves,  teflon  tubing)  will  be  placed  in  plastic  bags  for  disposal.  Ultimate  responsibility  for 
the  disposal  of  the  accumulated  materials  will  lie  with  McClellan  AFB. 
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Carbon  canisters  used  for  soil  gas  treatment  during  the  soil  gas  sampling  will  be  disposed  of 
offsite  by  a  CH2M  HILL  subcontractor.  McClellan  AFB  will  be  listed  as  the  generator  of 
this  waste. 
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Section  10 

Reports 


In  addition  to  the  Work  Plan,  the  following  reports  are  required  for  Phases  II  and  III  of  the 
SVE  treatability  investigation: 

•  Data  Management  Manual — refer  to  Section  7  for  discussion  of  this  docu¬ 
ment. 

•  Operations  and  Maintenance  Plan — This  report  will  provide  operating  and 
maintenance  data  for  the  process  equipment,  valves,  and  instrumentation. 
Startup  and  shutdown  procedures,  including  automatic  shutdown  features  for 
the  catalytic  oxidation  system,  will  also  be  included. 

•  Pilot  System  Evaluation  Final  Report — This  report  will  summarize  the 
sampling  and  analytical  data  and  other  information  obtained  during  the  SVE 
treatability  investigation.  Estimates  will  be  made  of  the  mass  of  contami¬ 
nants  removed  during  the  pilot  test  and  the  degree  of  biodegradation  in  the 
waste  pit  and  the  intermediate  zone.  The  impact  of  hot  air  enhancement  will 
be  evaluated,  and  the  overall  SVE  system  evaluated  considering  implementa- 
bility,  cost,  mass  of  contaminants  removed,  and  adherence  to  ARARs. 
Recommendations  will  be  made  as  to  the  full-scale  implementation  of  SVE 
at  OU  D  and  other  McClellan  sites. 

•  Monthly  Operations  Reports — Monthly  operations  reports  will  be  piepared 
during  those  months  the  pilot  system  is  in  operation.  The  reports  will  sum¬ 
marize  operational  data  gathered  during  the  field  test  such  as  extraction  well 
offgas  concentrations,  total  mass  of  contaminants  removed,  destruction  effi- 
'iency  of  the  catalytic  oxidizer,  and  discussion  of  any  system  shutdowns. 

The  Work  Plan,  the  Pilot  System  Installation  and  Site  Characterization  Summary  Report, 
and  the  Pilot  System  Evaluation  Final  Report  will  oe  submitted  in  a  three-stage  approach  as 
follows: 

•  Working  draft  copy  for  internal  review  by  McClellan  AFB 

•  Draft  copy  for  regulatory  agency  review 

•  Formal  written  response  to  agency  review  comments  on  the  draft  copy 

The  Data  Management  Plan,  Operations  and  Maintenance  Manual,  and  the  monthly 
Operations  Reports  will  be  submitted  to  McClellan  AFB  as  internal  documents.  No  agency 
review  of  these  documents  is  planned.  A  draft  copy  will  be  submitted  initially  for 
McClellan  AFB  review,  followed  by  a  final  copy  that  incorporates  the  review  comments. 
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Section  11 

Schedule 


A  copy  of  the  current  project  schedule  is  shown  on  Figure  11-1.  The  Phase  II  work  began 
in  February  with  the  preparation  of  the  draft  data  management  plan  and  will  continue 
through  April  1993  with  submission  of  the  response  to  review  comments  for  the  Installation 
and  Site  Characterization  Technical  Memorandum.  At  that  time,  it  is  anticipated  that  the 
Phase  ni  effort  (operation  of  the  pilot  system  and  analysis  of  the  resultant  data)  will  be 
under  contract  and  in  progress. 

A  list  of  Phase  11  deliverables  and  their  contractual  deliverable  dates  is  shown  in 
Table  11-1. 
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Table  11-1 

SVE  Schedule 

Deliverable 

Due  Date 

Draft  Copy-Data  Management  Plan 

March  20,  1992 

Final  Copy-Data  Management  Plan 

April  15,  1992 

Working  Copy-Work  Plan  (w/SAP,etc.) 

April  16,  1992 

Draft  Copy-Work  Plan  (w/SAP,etc.) 

May  8,  1992 

Agency  review  comments 

June  8,  1992 

Draft  Copy-O&M  Plan 

May  11,  1992 

Final  Copy-O&M  Plan 

July  30,  1992 

Responses  to  agency  review  comments  on  Work  Plan 

July  17,  1992 

Working  Copy-Bioventing  Performance  Report 

TBD 

Draft  Copy-Bioventing  Performance  Report 

TBD 

Agency  review  comments-Draft  copy  Bioventing  Performance 
Report 

TBD 

Response  to  agency  review  comments  on  draft  copy  Bioventing 
Performance  Report 

TBD 

Working  Copy-Pilot  System  Evaluation  Report 

TBD 

Draft  Copy-Pilot  System  Evaluation  Report 

TBD 

Agency  review  comments  on  draft  copy  Pilot  System  Evaluation 
Report 

TBD 

Response  to  agency  review  comments  on  draft  copy  Pilot 

System  Evaluation  Report 

TBD 

TBD  =  To  be  determined. 
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Section  12 

Management  and  Staffing 


Overall  project  responsibilities  for  the  basewide  Rl/FS  are  presented  a. id  described  in  the 
existing  IRP  Quality  Assurance  Project  Plan  (QAPP).  The  specific  responsibilities  relating 
to  the  SVE  treatability  investigation  are  described  below. 


CH2M  HILL  Project  Staff 

CH2M  HILL  has  overall  responsibility  for  all  phases  of  the  SVE  treatability  investigation. 
Some  of  the  work  will  be  subcontracted,  including  drilling,  analytical  testing,  and  assistance 
with  in  situ  permeability  testing.  CH2M  HILL  will  perform  project  management  and  coor¬ 
dinate  all  subcontracted  efforts,  as  well  as  prepare  the  design  of  the  pilot-scale  SVE  system 
and  all  project  reports  related  to  the  treatability  investigation. 

Table  12-1  shows  key  CH2M  HILL  project  team  members  and  their  responsibilities. 

Project  Management 

Mr.  Starr  Dehn  is  the  Program  Manager  for  all  CH2M  HILL  work  at  McClellan  AFB.  He 
is  responsible  for  the  contractual  aspects  of  all  CH2M  HILL  projects  at  McClellan  AFB, 
and  provides  coordination  and  continuity  among  the  various  projects.  Mr.  Dehn  is  located 
in  CH2M  HILL’s  Sacramento,  California,  office. 

Mr.  John  Lucero  is  the  Subprogram  Manager  for  work  at  McClellan  AFB.  He  is  responsi¬ 
ble  for  the  administrative  aspects  and  coordination  of  CH2M  HILL’s  activities  within  OU 
D. 

Mr.  Jerry  Tracy  is  the  Project  Manager  for  the  Soil  Vapor  Extraction  Treatability  Invertiga- 
tion  at  Site  S.  He  is  responsible  for  managing  the  daily  project  activities  and  ensuring  ,hat 
the  project  objectives  are  met.  Mr.  Tracy  is  located  in  CH2M  HILL’s  Corvallis,  Oregon, 
office  where  the  specific  design  activities  will  be  conducted. 

Mr.  Joseph  Danko  is  the  Technical  Coordinator  for  the  project.  He  is  responsible  for  coor¬ 
dinating  the  implementation  of  soil  vapor  extraction  technology  to  the  project-specific 
conditions.  He  is  also  responsible  for  coordinating  analytical  testing  and  in  situ  air  perme¬ 
ability  testing  requirements  and  ensuring  that  the  designated  QA  procedures  are  followed. 
Mr.  Danko  is  located  in  CH2M  HILL’s  Corvallis,  Oregon,  office. 
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Table  12-1 

Project  Staffing  and  Organization 

Responsibility 

Team  Member/Location/Phone  # 

McClellan  Program  Manager 

Starr  Dehn/SAC/X-296 

McClellan  Sub-Program  Manager 

John  Lucero/RDD/X-3285 

Project  Manager 

Jerry  Tracy/CVO/X-3562 

SVE  Technical  Coordinator 

Jo  Danko/CVO/X-3527 

Assistant  Project  Manager  and  Data  Coordi¬ 
nator 

Calvin  Noling/CVO/X-3599 

Data  Management 

Mary  Camarata/CVO/X-3539 

Data  Validation 

Donna  Morgans/CVO/X-3500 

Vadose  Zone  Transport  Processes 

Fritz  Carlson/RDD/X-3332 

Field  Team  Leader  (Borings) 

Ken  White/SAC/X-236 

Community  Relations  and  Permitting  Issues 

Pamela  Beekley/SAC/X-292 

Contracting  Issues 

Tom  McCubbins/SFO/X-2259 

Notes:  SAC  =  Sacramento,  CA,  office,  phone  #:  916/920-0300. 

RDD  =  Redding,  CA,  office,  phone  #:  916/243-5831. 

CVO  =  Corvallis,  OR,  office,  phone  #:  503/752-4271. 

SFO  =  San  Francisco,  CA,  office,  phone  #:  510/652-2426. 

Mr.  Calvin  Noling  is  the  Assistant  Project  Manager  and  Data  Coordinator  for  the  SVE 
Treatability  Investigation.  He  will  assist  the  project  manager  in  executing  the  project  tasks. 
As  data  coordinator,  Mr.  Noling  will  be  responsible  for  overseeing  data  entry  and  reporting 
operations  and  ensuring  that  only  validated  data  are  used  for  project  decisionmaking. 
Mr.  Noling  is  located  in  CH2M  HILL’s  Corvallis,  Oregon,  office. 

Key  Staff 

Ms.  Mary  Camarata  is  Data  Manager  for  the  project  She  is  responsible  for  developing  the 
Data  Management  Plan  and  ensuring  that  the  plan  is  consistent  with  IRPIMS.  She  is  also 
responsible  for  coordinating  the  format  of  data  deliverables  from  the  subcontractors. 
Ms.  Camarata  is  located  in  CH2M  HILL’s  Corvallis,  Oregon,  office. 

Mr.  Ken  White  is  the  Field  Team  Leader.  He  will  supervise  CH2M  HILL  staff  during  the 
fieldwork  and  coordinate  the  activities  of  the  field  subcontractors.  Mr.  White  is  located  in 
CH2M  HILL’s  Sacramento,  California,  office. 
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Ms.  Donna  Morgans  is  the  Data  Validation  Coordinator.  She  is  responsible  for  reviewing 
the  analytical  data  and  validating  that  the  data  meets  the  QC  objectives  of  the  project.  Her 
review  and  documentation  of  the  analytical  data  occur  before  the  data  is  released  for  use  by 
other  members  of  the  project  team.  Ms.  Morgans  is  located  in  CH2M  HILL’s  Corvallis, 
Oregon,  office. 

Ms.  Mollie  Netherland  is  responsible  for  development  of  the  health  and  safety  plan  adden¬ 
dum.  She  is  also  responsible  for  ensuring  that  the  health  and  safety  procedures  are  under¬ 
stood  by  the  field  team  leader  for  implementation  at  the  project  site. 


Project  Organization 

An  organization  chart  identifying  the  individuals  responsible  on  the  SVE  project  is  present¬ 
ed  in  Figure  12-1. 
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Section  13 

Community  Relations 


CH2M  HILL  will  continue  to  provide  support  to  the  ongoing  community  relations  program 
as  it  applies  to  Phase  II  of  the  SVE  treatability  investigation.  It  is  anticipated  that  these 
activities  will  include  the  following  tasks: 

•  Preparation  of  Fact  Sheets  for  public  distribution.  The  Fact  Sheets  will 
present  updated  information  regarding  the  scope,  design,  and  installation  of 
the  pilot-scale  system.  It  is  anticipated  that  up  to  three  Fact  Sheets  may  be 
prepared  during  the  Phase  II  effort. 

•  Preparation  of  visual  aids  for  Technical  Review  Committee  meetings,  to 
assist  in  updating  the  public  and  the  regulatory  agencies  on  the  status  of  the 
SVE  treatability  investigation. 

The  community  relations  support  activities  will  occur  intermittently  over  the  course  of  the 
project. 
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Olive  ^ray  with  orawn  reO«  iiottiing, 
itiicacsous.  tine  sand,  siignt  odor  tio 
!A6.3');  POORLY  GRADED  SAND  IS?),  'ine 


too  ot  lower  Tiiddie  sieeve  !Aa.0'*48.3’): 
SANDY  lean  Clay  (CLI.  gray.  dry.  hard, 
and  silty  Sand  (SM).  similar  to  '8-S3. 
3eiow  (48.3'-a9.00;  °CCRLY  GRADED 
SAND  (SP).  yellowish  drown,  micaceous, 
fine.  Slight  ooor 


too  of  uooer  middle  sleeve  150.0' -30.3’); 
POORLY  graded  sand  (SP).  as  aoove. 
oeiow  (50.3'-5i.S'l;  SAnQy  SILT  (ml). 
olive  gray  with  orown  FeOx  staining,  moist, 
less  than  lOX  fme  sand 
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micaceous,  medium  to  ‘me  sand;  SanOY 
SIlT  (ML).  Olive  gray  with  Drown  FeOx 
staining,  dry.  micaceous,  fine  sand  'ammae. 
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too  of  ijDoer  itiidcte  sieeve  (63.Q):PC0PLy 
GSaOEO  SANO  (5?).  Similar  to  aoove. 
aooroK.  IQ  cniDs  of  cement  i?)  siougn  (?) 
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SILT  (ML),  olive  orown  with  some  gray 
mottling,  ary.  <  ISX  fme  sane 


SanQY  silt  (ml).  Olive  Drown  to  crown, 
ary 


SANO  3ILT  -ML).  Iignt  crown  /<ith  =eCx 
mott'ing.  ary.  micaceous.  .meOium  to  ‘me 


too  of  oooe-  mioote  sieeve  'T3.0').  Sandy 
SILT  '.WL,.  Similar  to  aoove.  ceiow 
.T3,3'-r4,5';:  .^OCPL'  C-.RaCEC  sand  :s?>. 
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too  of  lower  middle  sieeve  (88.5');  SILT'f 
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Sandy  SILT  (ml),  ouve  oray  witn  siack 
(MnOxi  SDOtS.  ary  to  siigntly  moist,  meaium 
to  tine  Sana,  mostly  tme 


SILTY  SAnO  (SM).  Olive  gray  with  trace 
PeO>  stamina,  ary.  tine  sana  neaasoace 
samoie  '9e.0’-96.S’)  oorcenme  SILT^ 
Sand  to  sandy  sILT  (Sm/ml) 


SILTY  SanC  'SM).  Similar  to  aoove.  ary  to 
moist,  notea  aossioie  root  noies  with  oiacK 
(Mn)  staining,  holes  are  open 
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'  7-S5 


0  3  I  2-9-'5-2S 

I  (JO) 


i 

1 

1 

3-33  i  '.3 

1 

1 

T-21-26-50  1 
iT51  1 

1 

:  I 

1 

t 

■  s  '  ’  ! 

!  1 

1  1  ' 

'  1 

I  ! 

;  9-S3  1  ’.a 

1  , 

I 

1 

'5-29-21-26 

!a:i  1 

■  1  : 

j 

3-M-25-22 

:57) 


5-3- 2C-50/A" 
aO/J'* 


lower  -maaie  steeve  (!8.7'-i9.Q');  wooa 
fragments  ana  soii.  aottom  sieeve 
i!9.Q'-'9.5'):  POORLY  GRADED  SAND  wITh 
SIL^  fSP-3M).  Similar  to  aoove  out  oily 
ana  with  wooa  fragments,  strong  oaor 


POORLY  graded  Sand  with  SILT  to 
silty  sand  iSP-SM  to  3M).  orown. 
coarse  micaceous,  coarse  to  fme  sano. 
mostly  fine,  uooer  sieeves  (20.5')  nave 
Oily  Sheen,  ocor 


POORLY  GRACED  3anD  i5r),  -jray.  Cry. 
meaium  to  fine  Sana,  ena  of  tio  (27, O'! 
OOSSiDly  SILT  (ml; 


SANDY  SIL''  fML).  Olive  gray,  ary,  fine 
Sana,  ammatea.  some  very  fme  sana 
ammae 


220  P°M 


■ower  micaie  sieeve  'CO.a'-DA-O').  =0CPLY 
GRACED  3AND  with  SILT  i3?~5M).  similar 
to  aoove.  Beiow  (2a,o'-2a.5');  well 
GRADED  SAND  (SP).  yeiiowisn  gray.  ary. 
mostly  fine  Sana,  noticeaoie  oaor 


PIC  »  290  =PM 


ariii  Cut  samoier  Note;  any  material  ‘'om 
-coe'  Sleeves  "nay  nave  'un  :own  to 
Ower  Sleeves  --  c.'oss  contaminate’ 

~cr;ii  Out  samoier.  arnier  says  ‘eeis  iKe 
wcoa  an  Dit  Since  it  criiis  nara  Out  arives' 
easy 

'T’IO  »  395  =°M 


0.2  any  siougn  at  too  of  uocer  sieeve 
P'D  w  >A85  PP« 


P!D  •  2A0 


PROJECT  NUMBER  BORING  NUMBER 

--  ^_c  =  *  -i 


SOIL  SORING  LOG 


PROJECT 

.EL.4N 

iP3  3VE  *PSi-4  =  :L;"'  3'LC''  location 

SI'E 

3.  Z 

ELEVATION  ± 

53.3’ 

ORII  1  TNfi  rONTPACTOR  SS'^LIK 

ING. 

EaCRamEN'C.  Ci 

DRILLING  METHOD  AND  EQUIPMENT  '^CEILE 

3-3t  GRILL  RIG.  3-;NCi-i  -CLLOW  STEM  i'uGSR 

WATER  LEVELS 

35/'4/9l 

RTART  C6/!2/9i  :CtO  PTNTPW  06/'4;9!  0725  t  nRRPP  K.  ^h’-E 

5iVDC.= 

574.NCiRG 

=ENE,''_P_4_"I0N 

pesIIts 

SOIL  OESCOIP'^'ICN 

' 

ott 

< 

f 

>- 

30 IL  NAME,  uses  GROUP  SYMBOL.  OOLOR. 
moisture  content,  relative  CEnSITy 

OR  CONSISTENCY.  SOIL  S'R'JC'LPE 
MlNE^iLCGY 

.^p  '’i-’vjr,  -s'l  =A'- 

x< 

H-U. 

a.z 

013 

Qcn 

X 

l§ 

z  < 

2  1 

5*  -5*  -o‘ 

'M 

■-PiLl.MG  “'--IC  -233 
*E3*5  A.NiC 

'2-33 

1 

:g  6-30-43-50/3' 

'  i 

ave'Su  ai.'ILIV  '-^L  RTI— SCrmPcT” 

POORLY  3RA0E0  Sang  (S?)  I2CS;L  odve 
gray  >*itn  a  rev*  oiacK  iMn’)  strsaKs. 
siigntly  moist,  micaceous,  Nne  sana 

1 

I 

=  :.2Z  ' 

3!.3 

1 

32,5 

*00  (32.3'-33.Q'):  SANDY  SILT  (ML),  as 
acove.  oottem  3  sieeves  (33.0' 
i33.Q‘-34.5");  SILTY  SAND  ;SM).  oiive 
gray  w.tn  some  wnite  calcareous  I’) 
streans.  cry.  fine  sana 

1 

-} 

i 

1 

- 

'3-55 

77 

11-25-42-30 

172) 

1 

f 

1 

012  =  260 

- 

34,S 

i 

- 

3S,0 

silty  SanO  (SM).  Similar  to  aoove.  oottom 
of  anve  snoe  137,0');  SanOy  lEan  Clay 
ICL).  olive  gray,  siigntiy  moist,  fine  sana 

! 

- 

j  0 

i 

."riiier  says  augermg  ‘aste'  no».  stoo  ‘or 
’0  mm  to  grease  'ig,  PIC  =  420  =°m 

:T3 

14-S3 

2.0 

5-M-15-21 

(35) 

1 

•w 

"*7  “ 

SANCY  lean  Clay  to  Sandy  SIL*  ;CL  to 
ML),  olive  gray,  ary  to  sugntiy  moist, 
mecium  to  fine  Sana,  some  layers/'ammae 
of  POORLY  GRADED  SAND  ISP),  SILTY 

SANO  (SM) 

1 

- 

!5-33 

1.9 

•0-IS-22-3S 

(57) 

j 

} 

1 

! 

1 

0515  susoect  '-2"  sicug.n  .ooe’’  sieeve 
PIC  =  420  P°M 

39.5 

-O-C 

POORLY  GRaOED  SanO  ISP),  gray.  3ry, 
micaceous,  ime  grainea 

hU 

j 

310  »  415  ==M  - 

- 

-12  0 

•6-33 

\  7 

7-i2-'55-73 

153)  ■ 

j 

- 

42.5 

1 

1 

- 

'7-53 

'5 

5-'i-'2-2l 

133) 

=OCflLY  GRACED  SANO  ISP),  similar  to 
aoove.  tio  144  S'),  laninatea  lEan  CLay 
ana  SIL"  .CL  ana  ml).  gray  nitn  orown 
\feOt) 

- 

012  *  2’Q 

J4  5 

; 
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PROJECT  NUMBER 

5iC:37'2:.'9.23 


BORING  number 
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project  '-’cC-S— an  a.-=  SvS  •’’Ea’aSIl:-"  S’JC-" - LOCATION _ 

elevation  a==°C-^:va~;.^  65.3' _ DRILLING  CONTRACTOR  CPIL-ING.  3aC?am£m^:.  Ca 

DRILLING  METHOD  AND  EQUIPMENT  '•'CEILE  9-31  DRILL  RIG.  3-:nCH  hQllQw  STSm  alGcR _ 


WATER  LEVELS  _2LLilLlijlil 

1  ■  SAMPLE  T 


SB  < 

x<  I  =: 
^Uu  ^ 

a.(r 

LU3  :* 

acn  — 


■8-S5i 


^TiMGAPO  ' 
PE  P  a  T  N  h 

PEEUf^S  I 


0  -*3  -Q 

^M) 


I  ■Q-2!-50/4” 
(SQ/A'i 


.START  CS/'2.^9I  !Q;0 

SOIL  DESCRIPTION 


SOIL  NAME.  'JSCS  GROUP  SYMBOL.  COLOR. 
moisture  CONTENT.  RELATIVE  DENSITY 
CR  CONSISTENCY.  SOIL  STRUCTURE. 
mineralogy 

uooer  Yiioaie  sieeve  i4S.0’-45.3'):  SILTy 
SanO  (SM).  Olive  Qray.  Nne  sand.  Ee'ow 
(4S.3'-4e.3');  SANDY  SILT  (ML)  Olive  Cray 
with  some  FeOx  mottling,  ary.  tme  sand, 
toot  (?)  noies 


.FINISH  06/14/91  pros  ,  nnrtpa  tiHi~E 


COMMENTS 


rcoTu  QC  CASING.  C=IL.:NG  =A'E 

CRIL.ING  -lUIO  loss 

'53T3  AND  INSTRUMENTATION 


CoSo  'ig  engine  "jnmg  ooonv.snut 
to  cnecK.  CoCO  drill  oiit  samoie' 


SANDY  SILT  (ML)  Similar  to  aoove,  with 
layers  of  SILTY  SAND  (Sm) 


PID  =  '08  P°M 


i4-7-31-5Q/3" 
i  (5G/3") 


:  49,3  I 

i  I 

I  50.0  I 


,  51.3  ' 


:.S 

. 

3-'G-39-SQ/4' 

iSO/4") 

) 

1 

I 

1 

1 

5-'8-60 

:t3) 


Soil  vanes  from  SanOy  SILT  to  SILTY 
SAND  (ml  to  SM).  similar  to  aoove.  olive 
gray  with  FeOx  mottling,  dry.  fine  sand. 
ML -30%.  SM-40% 


Mostly  ihtenayered  SanCy  SILT  and 
silty  sand  (ml  to  SM).  as  aoove,  too  of 
lower  middle  sleeve  (53.0’):  SanDy  lEan 
CLAY  (CL),  olive  gray,  fine  sand 


PID  V  105  ®PM 


=ID  »  9*  =°M 


;  72-3=1  '5  5-'5-42-50 

!'  (92) 


SILTY  SAND  (SM).  Olive  gray  with  streams 
of  FeOx.  dry,  micaceous,  some  cores,  fme 
sand,  several  layers  of  POORLY  GRADED 
Sand  (S?)  and  SILT  (ML) 


=ID  *  iQC  ==M 


"oo  of  'jooer  middle  sleeve  (58.0'); 
=00RLY  graded  Sand  (SP).  gray  with 
FeOx  staining,  dry.  micaceous,  fme  sand. 


AID  •  74  POM 
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PROJECT  number 
3aC:37:2.:9,’2 


BORING  NUMBER 


PROJECT  •-'cC'-E'-AN  APa  svg  ~R£a^a6I2:~'^  _ i  nrATTnN  S:~E  3.  aR£a  : 

ELEVATION  aP==0xIMA~=L-"  35.3- _ GRILLING  CONTRACTOR  SS'^LIK  ZR:'— IMG.  SaCRamEN’;.  :a 

GRILLING  METHOO  ANO  EQUIPMENT  ^CBILE  a-6!  GRILi.  RIG.  S-INC-  '-.OLLOW  ST£m  auGER _ 


WATER  LEVELS  'QS-S.  OS/U/ai 


.START  06/'2/9!  'OtO  ptnt«;h  36/14/91  0725  ,  nnr;pa  •<-  '<i“?~E 


SamP'.E 


'  S'ANCAPC  ' 
■PENE'RATIONf' 


5  ,  K  i  RE3liL’-3 

2  :  -Hi  I  5  i - 


a.x  = 

LU3  — 

acn  — 


.  55  t  -c 
z  <  '  x  = 


124-331 


0  -'3  -O 

(N) 


3-9-21-25 


SOIL  GE3CRIP'^IQN 


30IL  NAME.  U3CS  GROUP  SYMBOL.  COLOR. 
MOISTURE  CONrENT.  RELATIVE  OENSIT  f 
OR  OONSIS'ENCM,  SOIL  3*RUC*'_RE. 
mine.ralogy 


yeiiowisn  ofown.  :Q  yR  3/4.  ary.  nicacsous, 
fine  Sana,  too  of  'ower  Tnaaie  sieeve 
lol.O'l;  CLAYEY  SANG  (30.  yedowisn 
Orown.  ary.  fine  Sana  t;0  (32.3‘.':  POORLY 
graced  3ANC  wIT'-t  silt  (S?-3m) 


.;c3-'_i  -0  oaji'.is,  ORIL.ING 

CR’l _ IMG  -u->IC  »CS3 

*E5TS  Ai\C  I.\S '’RL'MEi'^iT A ~  1 


P'G  =  33  RRM 


I  25-33  1  I.S 


3.5.15-23 

(42) 


:Q-'3-2!-23 

(49) 


SIL’Y  Sang  (SM).  olive.  S  y  3/3.  ary 
■nicaceo'js.  '(ne  sana:  graces  Cownwara 
(64. Q-)  ;o  f-OORLY  GRaOEO  SANG  iSP). 
sale  Drown.  ’0  YR  3/3.  ary.  neCium  to  fme 
sane,  mostly  fine 


POORLY  GRAOEO  SANG  (SP).  oaie  Drown, 
ary,  micaceous,  coarse  to  fine  sano, 
mostly  ‘me 


3^2  =  T4  33M 


0900  orooiems  with  wire'me. 
wnr>  53-26  PIG  =  22  =Pm 


OOORLY  GRACED  3AN0  (SP).  simnar  to 
I  aoove  out  no  coarse  traction 


27'-SS  2Q  3*'8-29-3l 

^=i  (60) 


XC.  -  ’  '  ' 


ta-^3  10  3-21-27-23 

(55) 


POORLY  graced  Sang  (SP).  similar  to 
aoove.  iignt  Drown,  cry.  micaceous,  fme 
Sana 


0915  33-2'  wire'ine  tangung 
me  4IG  “  54  P^M 


”G  »  33  ppM 


ena  8/13/91 


.29-53i 


11-24-25-29 

(54) 


PCCRLY  GRACED  SAND  (3?).  similar  to 
aoove.  Dottom  >ower  miccie  sieeve  (74  O'): 
3IL"‘  Sang  .oM).  Similar  to  SP,  ignt 
Drown  witr.  crown  ReO«  mottling.  iQ  rR  6/3. 
too  :74.4’-47  S');  oottom  two  incnes 
cnange  to  3P-3M  coraerime  SP-3M/SM 


start  6/14/91.  0215  continue 
2  ''RID  =  '53 


lam  Hill 


PROJECT  number 

3AC:37:2.'3.22 


I  BORING  number 
!  ve:-::a 


PROJECT  afb  svg  ’agAT^siL:---  3’UC- _ LOCATIONii:ii_ifiiJ _ 

elevation  AP°cgx:via-3..v  3S.3' _ DRILLING  CONTRACTOR  =£'^--K  CRt’-'-IMG.  SACPamSN^:,  CA _ 

GRILLING  METHOD  AND  EQUIPMENT  ‘■'OalLE  3-61  DRILL  PIG.  a-INCH  "‘OLLQW  5T;m  auGEP _ 

WATER  LEVELS  'Q2-5.  CS/'J/9' _ START  QS/'2/S<  iQiQ  ptnt«;h  06/’4/9i  0725  ,  nniPPa  •<■ 


'  sample  I  S^ANCAflO  I  SOIL  OESCRIP^iCN  i 

COMMENTS 

Suj  ;  <  Iff  S  ■  RESuL'S  i  SOIL  NAME,  'JSC3  GROUP  SYMBOL.  COLOR. 

\  \  ^  - - -  .moisture  CONTENT.  RELATIVE  density 

-2  =  1  3“  1  c  5- -5- -5-  OR  consistency,  SCIL  STRUC’^URE.  1 

2;*  ;  =  '  5Q  1  tJ-  1  ’  Ii!]’,  ®  i  mineralogy 

Qtrj  '  —  2<  ’  2=  ' 

CEP''"-  OR  CASING.  D=IL.ING  =a'E 

1  DRILLING  PuUlD  .OSS 

tests  ANC  INSTRLMENTA'ICM 

i30-33i  1.6 


■:  re. 3  ! 


.r-.e'^a'^s'ec  -'l.  ana  ;L.  ^  si.  . 

!mLi.  olive  gray  witr.  orov«n  -eOx  -nottiing, 
S-ZO-SO/i"  i  'loticff^oie  oaor.  low  ary  strength  on; 

i50/'4")  I  3  layers  with  high  ary  strength  may  oe 

1  lean  clay  (CL),  lower  miacie  sieeve 

!  (75.S'-rS.3');  CLAYEY  SANC  (SC),  fine 

I  Sana 


30-43  .ghi  gray 
IQYP  5/3.  =r£  =  330  .==*'1 


L.  oaieO'Onr 


3-19-23-30 

(S3) 


3-9-32-50/4" 

(SO/4") 


3ANQY  lean  clay/clayey  SANO 
(CL/SC),  mottlea  lignt  olive  orown  ana 
olive  gray,  ary.  fine  sana 


silty  sang  (SM).  greenish  gray  with 
white  caroonate  (?)  noduies,  ary,  fine 
Sana,  a  few  very  r.ara  fragments  may  oe 
lean  clay  (CL)  laminae 


Q4I5  stoo,  amie'S  into  'evei  C.  3426 
ariiiing  out  samoier  taxing  a  wmie  to 
-]  oring  uo  cuttings.  =:D  =  '18  =Pm 


hard  time  cleaning  cuttings  ‘rom  noie 
~PIC  «  108  PPM 


3ILTY  3AN0  !SM).  Similar  to  aoove 


=!0  »  ’C3  =°M 


4-16-30-50 

('00) 


i34-33 


UDoer  miacie  sieeve  (35.5’i.  Too.  5ILT 
'WITH  SanO  (ML).  Olive  Orown  with  PeO» 
stains;  Bottom  (86.0');  POORLY  3RACE0 
SANO  WITH  SILT  (3P-3M).  gray.  Cry.  fine 
8-18-21-35  Sana.  Lower  middle  sleeve  ‘.30.Q'-36.5'); 
(50)  POORLY  GR40E0  SANG  WITH  SILT  to 

POORLY  GRACEG  SANO  3P-3M  to  3P. 
dottom  Sleeve:  too  (86.8’i;  POORLY 
I  GRADED  SanO  (SP).  light  orown.  dry,  .‘me 

- 1  sand,  oottom  of  sleeve  is  finer  grained: 

!  Bottom  (86. 8');  SANOy  SILT  (ML),  similar 

- U,  to  too  of  uDoer  middle  sleeve,  tio  (87. O'); 

I  \  POORLY  GRACED  SA'‘;D  (3?).  light  gray 
I  \  with  reOx  stains,  diy,  fine  sand 

Jcoer  three  sleeves  (87  S'-39.0'); 
2-10-19-20  ,  POORLr  GPAQEO  SANO  i5?).  as  tto  or 
I  JA-53.  9octom  sieeve  (89.0’-89.5'): 
SILTY  SanO  (SM).  drown,  moist, 
micaceous,  fme  sana 


PID  •  36  PPM 


PID  =  33  PPM 

~3-3S  dottom  S".  moist  -aCt  staming 
very  strong  n  ..coer  siee.es 


ICHMHIIL 


PROJECT  NUMBER 

'Q  '"1 


BORING  NUMBER 


PROJECT  -N  -LPB  ;■;£  _ I  nrinnN  7.  r  ^ 

elevation  ■^p==::<:*^a-;.-  cS.i’ _ drilling  contractor  ss'^l:-  :=:■— :>!G.  ;Ac^Ay£-r-  :a 

DRILLING  method  AND  EQUIPMENT  MOBILE  3-61  DRIL-  ^!S.  3-:nCh  -OLLCw  3'£m  auGEP _ 


-  r. 


WATER  LEVELS  'C2  5.  C6/’J,91 


—  '  S-MP!_E 


sa  < 

X-<  X 

I— ij-  _ 

a.e  i  r 
1X13  — 

Qcn  = 


<  _  i.  ■  — 

?  '  5-  :  > 


:  3'iNOARD  I 
:=Ene_'_Ra_t:cnI- 

:  =E3U.'’S  i 


"3  -3  -0 

'N) 


J-!2-!7-23 

(45) 


_ start  36/’2^9I-QI0  ftnt«;h  : 


I  SOIL  DESCRIPTION 

ij - 

i  SOIL  NAME,  uses  GROUP  SVMeCL.  COLOR. 

moisture  COnTEN'.  RE'-aT-.vE  DEnsI'C-' 

:  OR  CONSISTENC''.  SOIL  STRUC'LRE, 

:  mineralogy 


-JwSr  .wo  ilssves  si^.j  ' 

'  SAND  SMI.  3ii»e  srown.  "noist  ‘.o  jncntiy 
i  wet.  fine  Sana  oeiow  ■90.9-92.0');  ianDy 
i  SILT  (ML),  olive  olive  Qray  witn  ReO» 
j  itamino.  cry.  fine  Sana,  low  ary  strength, 
j  Dores 


;6/'4/9l  072S 


.LOGGER 


-‘C3-L4  .^c 

:p:l-;ng  .iss" 


j  ^  |_£4m  (2i_;iY  '^{Th  Sand  ',CL!.  iiont  oiive 

I  I  gray  with  with  FeOx  soots,  locaily  -eO»  s 

I  j  n  layers,  ary.  fine  sane,  soil  s  'aminarea. 

I  i  ,  a- /  strength  varies  from  moaei-ate  to 

|37-SS|  7Q  5-6-14-22  j  narg,  mayoe  CL-ML 


PIG  =  i7S 


-i  loa-ssi  2,0 


4-9-!3-'8 

(31) 


FAT  CLAY  WITH  SAND  (CHI.  Olive  gray 
with  FeOx  mottling,  moist.  coarse  to  'me 
Sana  Bottom  two  sieeves  (96.0'-97  O'); 
CLAYEY  to  silty  sand  !SC  to  3M).  oiive 
gray,  ary.  fme  sano 


PID  »  320  P°M 


39-S3  1.0 


2-3-8-it 

(17! 


SANDY  SIL”  (ML),  greenish  yay.  ary.  nns 
sane.  'Ow  ary  strength,  wm  OmNOy  .£A.N 
OLAY  (CD  layers 


=ID  -  120  =PM 


'00. 0  1  !  i  i 

j 

1 

1 

UC-3S 

i 

■  a  3-2-14-23 

137) 

1  '02.0 

I  '02.5 

1 

1 

i 

, 

41—55 

1  ( 
I  i 

Uooer  Sleeve  liQ0.3'-i00.5');  similar  to 
39-3S.  Below  (!00.5'-'02.0'!:  varies  ‘torn 
sandy  lean  CLAY  to  CLAYEY  SanC  'CL 
to  SC),  light  Drown,  oecommg  more  moist 
near  Dottom.  fme  sana 


UDoer  Sleeve  (!02.S'-'02.3').  simiar  :o 
Dottom  40-SS.  Beiow  (102. 3'-  '04  •'! 
®GCRLr  GRACED  SAND  iSP).  mcttiec  gray 
anc  Drown  i^eOx).  wet,  micaeous,  ■ -e 
Sana 


toe  or  ower  miccie  ;:eeve  -av  oe  5  c  .g- 
-  lave  -eacsoace  -om  aottom  :•  :  eeve 

■=ID  »  41  ?°M 


AID  »  24  PPM 

samoie'  s  wet.  two 
nstaiiea.  ss®  ■ 
constr'jcticn  oq 


END  OF  BORING  a:  '04  5.  36/14/91 
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SOIL  BORING  LOG 


PROJECT  _ LOCATIQnJZLL— 

ELEVATION  JP==Cx:ma-;^v  65.J _ GRILLING  CONTRACTOR  5=''L:.x  2R:— L'C-. 

DRILLING  METHOD  AND  EQUIPMENT  ‘■'CcILE  3-61  DRILL  RIG.  o-INCH  ^CL..2v<  STE^  J^GER _ 

WATER  LEVELS  _ START  C5'''4/9i  -3320  ftntrh  — ' 


__  SiMDi^r  ^  p-iNCARC  '  SC:l  CESCRIR'ICN 

- ^ - =EN£*RAr:c^4- 


Sa  ■  < 

X  ^  ^ 


5  9  -  C 

z  < 


resITl's  ^  SOIL  NAME. 'JSCS  c-RGLP  S'-'^BCL.  :cl:r. 

-  '^CIS''LPE  22N7ENT.  RELA'^rvE  SENSIT» 

..  ,,  ..  'C  ;-3;_r*^3C 

n  —  *5  — n  ^  t,. 

Ml  ,  mineralCG'c 


-  il  "nat^r'ai  ''/er  r-C?E  ins'' 


1  ' 

2.5  ' 

1 

I 

'-3S 

-.0 

j 

9-7-'6-23  i 
139)  1 

woven  geotextiie  at  1 5  'aet 
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CLAYEv  3RAVEL  :GC).  Drown,  siigntly 
■noist.  very  cense,  tiass.ve. 
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SI-7Y  3A.NC  'SM!.  /eilowisr  Drown,  ocist. 
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SIL'Y  clay  cark  gray.  '0  rR  J/i. 
I  soil  stained  witn  'ed  and  Diack 
contaminants,  some  lorange  mottles, 
nteroeddeo  coarser  ana  nner  grainea 
’2-'3-'2-'4  I  materials.  Durnt  wood  ana  glass  at  'C.S 
(25)  j  feet  (fni) 


SIL'Y  SAND  'SM),  greenisn  'grav,  moist, 
medium  sand,  massive,  siignt  r  nmg  jcwarc 
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marc  C'jg  to  -CPE  .ner 
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crmer  saic  ccuncing  on  -ock  came  on 
witn  auger,  R!C  ®  ’  2  "-m 
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n  Dit.  Strong  ocor 


aiQ  3  295  2RM 


3555.  st'ong  ocor  voiat'-e  orga" 
acceararcs.  =(C  =  aC5  '='f 
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BORING  NUMBER 
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LQCATICNilHi-ifiii _ 
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SOIL  NAME,  uses  GROUP  5>m0CL.  COLOR. 
^QlSTuRE  OCNCENT.  RELATIVE  CENSIT' 
OP  OONSIS'EMC'T.  SOIL  STPuC'UPE 
mineralogy 


ETC  '  , -M L^'oc.t'-g  :ov«pv.af:  z'.z 

I  ROCRL^  graced  Sa.nC  ;5r'.  jrayisn 
I  orown.  moist,  meoium  sana 


I0.MMENT3 


OE='R  OP  0A3;nG.  drilling  =a' 

DRIl-ING  R.-ID  -OSS 

*SoT3  anC  I N5 ”RlMcN ” a “ 1 0 N 


ciiy  acoearanos.  strong  oCOf 

3;n  =  ■04  33U 


ic  i  T-3-'S-20 


ROCflLY  GRACED  SAND  ISP),  ouve,  '0  yr 
S/3,  moist,  massive,  sane  Nnes  jcwaro. 
mecium  at  I’’,  coarse  at  ’9'.  at  :8'  •'ign  n 
mica  -  aooears  to  oe  'rom  gramtic  source 


063a.  /ery  strong  oCor.  RID  =  250  R  =  m 


20- 


I  10-35-33-40 

I  (73) 


CLAYCV  3ANC  (SC).  Olive.  5  y  S/3.  sngniy 
moist,  micaceous,  strong  oaor.  siigntiv 
sticKy,  ana  sngntiy  oiastic  wnen  wettec. 


"!  samoie  sun  ciscoiorea.  strong  ocor. 
aooears  to  oe  vom  granme  oarent 
material,  sane  grams  getting  ‘me'  at  2''. 
oaor.  ?ID  •  310  PPM 


9-S3  i  0.3 


'2-13-19-44  I 

■  s  1  i  1 


silty  GanC  (SM).  olive.  5  ''  5/3.  moist. 

!  ,0  coarse  sana.  micaceous  stiaKes 

i  <•  .  imi.  aooears  to  oe  ‘'ora  granme 
i  oarent  material  or  gneiss 


:  28-29-36-42 

i  '^9) 


POORLY  GRADED  SAND  (S?).  yeilomsn 
Drown.  IQ  YR  5/ 4,  moist,  meamm  to  very 
coarse  sana.  graamg  coarser  uowara, 
noncementea.  from  24'  to  25'  aoout  :0% 
gravel 


strong  oaor.  some  Oiscoioration  ‘rom 
contaminants.  RID  =  350  R“m 


strong  oaor.  some  Oiscoioration  ‘'om 
contaminants,  ouy  -  'eaves  oisccicration 
on  gloves,  nign  n  mica  granme  oarent 
material.  ?I0  =•  2'C  ppm 


19-22-40-51/4 

I  'SI/4") 


POORLf  GRADED  SanO  (3?)  graamg 
aownwara  to  clayey  sand  iSC).  sana 
yeilowisn  Drown.  lO  YR  5/4,  .moiSt.  very 
coarse.  Clayey  sano.  oiive  gray  5  y  5/2. 
siigntiy  stiCKy  ana  shgntiy  oiastic  wnen 
wettea 


miio  oaor.  out  or  Dit.  coarser  sancs 
acDear  to  oe  from  granitic  source 


RID  ’  225  R°M 


'3-29-50/4” 
:  50/  4”; 


CLAYEY  SAND  (SC)  '27  9'-23-9'!  graces 
uDwara  to  CLAYEY  SILT  ;ml)  ;27  5')  ouve 
gray  to  Dale  Drown.  5  y  5/2  to  '0  'R  8/3. 
tine  Sana,  sugntiy  sticky  ana  sugnt'v 
Diastic  wnen  wettea 


strong  clay  skins  witn  mi,  soil,  no  samcie 
'2-5S 
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*ES’3  AAiO  .'NS“^LM£\7 


08-38-29-SG/4” 

'  ! 


; 

1  ! 

,  3V3  '  i 

'  32.3  !  ' 

i  ; 

1  'S-Pc  1  5  c 

'  !  1 

14-31-43-50 

(98) 

35 


10-14-34-36 

':90) 


40 


AC.: 


'9-E3  : 


A!9 


•9-33 


'i-'e-'S-ir 

:S2i 


A4  3 


33. c 
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to  SILTY  3AN0  iSMl  wttn  oeotn.  oiayey 
sane;  Drown  iQ  YR  5/3.  ary.  oeds  very 
naro.  sugntiy  sticky  and  siigntiy  oiastic 
•men  wet.  wen  oeveiooeo  ciay  skms.  siity 
sane:  olive  gray.  5  y  5/2.  wen 
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3.RADED  Sand  (S?).  color  varies  ‘rom  oiive 
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ifo-g  g:ev.ng  =3.1  ac;e 
acustrme  aeoosits  -  or 
mottles  liner  material  ‘cu 


ar  3  - 

'3^'  '•  - 


a.ngs 

iiougr' 


=  ID  •  3IG  =='4 


some  gieymg.  =10  =  2'£ 


=10  =  >500 


=:c  -  305  =“M 


-;D  =*  460 


-eCx  stams  and  motfes  orance  odor 
=!D  •  JOG  =°M 


I 


i  PROJECT  number  boring  NUMBER 

Sic:37':2.'9.J2  '  /£;-ajA 


SOIL  BORING  LOG 


PROJECT  Ar=  ^vS  ~=E^~-anr 


-LOCATION 


iP3=Cv >»-=■_/  65,,; 


. DRILLING  CONTRACTOR  SS'^'-IK  CRIL-IMG,  BaCRAviEn-:.  Ca 


ELEVATION 

DRILLING  METHOD  AND  EQUIPMENT  '^CaiLE  5-61  DRILL  RIG.  o-INCh  -OLLCW  3'Em  auGER 
HATER  LEVELS  'CJ.5.  Q5/'T-'9i 


START  OS/M/91  0300  05/'T/9' ’iOC  i  nffrtpq  ■<-L5aRy/~  :anc~. 


^o. 

a.(r 

013 

Sen 


;  - 
—  *  i  > 

5  ^  ^ 

Z  < 


'  5"'A.\C-iPG  1 
■3=\E'=lA*:C.\r 

I  9E^"5  I 


-o  -0 

'N) 


SOIL  DESCRIPTION 


COMMENTS 


3C:l  name,  uses  3PCU?  SYMBCL.  col: 
^GISToRE  content.  3E'..at:v5  CENSI' 
OR  CCNSIS'ENCY.  SOIL  S^RuC'-RE. 
mineralogy 
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'0  'R  T/j.  ■^ry.  extreneiy  "larc.  small 
Doexet  at  CLAtEy  SanC  (SO  tfom  as. a' 
to  AS. 9'.  ary.  nara.  mixed  mineralogy, 
massive 


SILTY  SAND  (SM).  lignt  olive  gray.  S  y 
S/2,  ary.  very  dense,  very  tine  sand,  some 
Old  root  cnanneis  fuied  mtn  tme  sand, 
siigntiy  oiastic  wnen  wettsd.  aooears  to 
lacustrine  aeoosit.  massive 


silty  sand  (SM).  Olive.  5  y  S/3.  «ith 
orange  mottling,  ary,  sngntiy  nard.  massive 
structure  parting  to  tnm  very  fine  piaty 
structure,  slightly  oiastic  ana  sugntty 
stiexy  wnen  wet.  appears  to  oe  "jcustnne 
ceoosit 


silty  Sand  'Sm).  ouve  same  as  aoove. 
massive,  noniacustnne 


silty  Sand  ISM),  oiive  with  orange 
mottles,  medium  grained  sand,  "'omacustme 
gracing  to  =OCPly  C-PacED  SanC  S?l 
oetween  55.5'  ana  56' 


0;  -ign  .n  orange  motfes  ana  stains 
^!C  =  32  ^RM 


ar::ier  sounaed  aectn.  mgn  in  orange 
mottles  ana  stams.  RID  =  'm  r°m 


3/T5/9I.  0  323.  ariilers  cleaned  out  noie 


RID  =  '06  RRM 


ost  coupling  aown  ooiiow  stem.  «ent 
‘■sning  Put  <«asn  '  apie  to  'etr  eve. 
aecicec  not  to  continue  cnving  53. 
PossiDiiy  nitting  coupling,  -etrieved 
sample  after  '2'',  RID  =  'I2  PRm 


,R!D  •  HA  RPM 


SILTV  CLAYEY  SAND  ISM)  grading  to 
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provvn,  moist,  medium  grained  sand 
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:=  CCNSIS'ENC'O  SOIL  3*RL  ^  “ 

'■iINcRAlCG'' 


i.w  .  f  -  '  3-*. 4^  . 

POORLY  oSaOqQ  5anQ  iS?K  oiive.  5 
^  5/3.  siiQntiy  itoist.  very  ^ine  saoa. 
massive  Darting  to  tme  dates,  aooears  to 
oe  ‘acustr;ne  cscosit  -  '^as  day  skihs 


p;.-:n3 

'*z5''3  -iNC  I 'o ' 


C^Ow'S’^S  >CCC!.  0" 

oc'rtp.  -IZ  *  ”3 


'  o’. 9  ! 


.’OORLT  3RADE0  Sand  (S?)  :o  SILTy 
3 AND  (SMI.  oaie  orown.  '0  '^R  6/3.  sugntiy 
^oist.  graamg  to  WELL  GRACED  SAND 
(SWi.  nonsticxy  ana  nonoiast;c  «nen  wet 


3anc  .3  loose.  =!C  =  53 


POORLY  GRADED  SAND  (SP).  light  gray.  lO 
YR  4/2  color,  at  tio  107. O')  cnanges  to 
oaie  orown,  :0  yr  g/3  at  gs’,  siigntly 
.iioist.  massive  (no  structure),  mneo 
;  29-29-38-50  mmeraiogy  (little  ciay) 


PID  =  55  a-m 


10-18-24-33 

1471 


ACORL'  GRACED  SAND  iS?!.  Jg-nt  gray.  '0 
YR  7/2.  Slightly  Tioist.  meaium  sano.  TiueG 
mineralogy  (iittie  ciay).  at  samoie  tio 
(69.5')  material  cnanges  to  a  orown  SILTy 
3AND-CLAYEY  Sand  (Sm  -5C).  siigntiy 
sticKy  ana  siigntty  oiasric  wren  wet 


AID  •  25  aom 


?  n  I  '8-36-4C-50 

!  :90) 


Intenaye'ea  5IL7y  sano  iSmI  ana 
CLAYEY  Sand  iSC).  yeiiowisn  orown.  ’0  yp 
5/4,  well  ceveiooea  mottles,  ciay  sKins, 
aooears  lacustrme.  ciayey  sancs  sngntiy 
sticKy  ana  Slightly  oiastic  wnen  wet 


AID  =  '34  ACM 


erme's  stoccea  ;o  wireiine. 


'2-20-'8-20 
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3IL”''  Sand  i'SM).  yellowish  orown,  :0  ■'P 
!  5/4.  Slightly  moist.  chances  ;73.3'  to 

rg.S')  to  PQCRLY  grade!)  sand  iSP;. 

*  orown.  '0  vP  5/3.  Slightly  moist,  -assive 
I  structure 


err-  ,  14  30m 


I  am  HU  I 
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SOIL  description 


soil  name,  uses  3RCUP  S-'MBOL.  CCLCP, 
MOISTURE  CONTENT.  .RELATIVE  DENSIT  - 
OR  OCNSISTENC''.  SOIL  S-RUCTURc. 
mineralogy 


comments 


c£="r-  OF  CASING.  c'=;l.:ng 

DRILLING  --JID  -CSS 
TES'S  anC  INS'Ri-MEN'A'lC 


.^L).  SfOwfiisn  yeiicw.  '0  yR  3/6,  '^igniy 
'  I7-53/5"-30/3r  fTottiea  s.naii  Deas  s.'<treme!y  ^ara.  sticky 
i  150/3")  anc  oiastic  whe'i -»et.  color  Changes  to 

I  iignt  Olive  gray,  S  y  5/2.  from  75.3'  to  73' 


^!D  =  95  ^°M 


ig  I  M-28-36-47 
■  I  (83) 


CLAYEY  Sand  (SC),  srowmsh  yeiiow.  ;Q 
8/9.  higniy  mottleo  <«ith  some  oiack  (Mn) 
stains,  ary.  sticky  ana  elastic  -nen  «et. 
graces  lEan/FaT  Clay  of  CL-CH 
oetween  73'  ana  73. 0.  eaie  oiive.  5  y  3/3. 
ary 


]  Ke!!  ceveiocec  :)ay  skins,  sti 
DiastiC  «nen  .vet.  mixed  .mmei 


Cky  anC 
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CLAYEY  SAND  (SC)  to  SANDY  lean  CLAY 
iCL).  oaie  Olive.  5  y  8/3.  cry.  sticky  ana 
elastic  when  wet.  day  skms  oresent. 
massive  structure,  siignt  variations  m  color 
light  Olive  gray  to  oaie  oiive 


PIO  •  14  ROM 


i  i  SANDY  lean  CLAY  iCL)  at  32.7’ grading 

I  to  clayey  Sand  (SC)  at  33.1'  Doth  nave 
13  2i-5C/4"-S0/4r  orange  mottles,  dry.  defuse,  massive 

i  (30/4")  j  structure.  SC  is  stiff  ana  oiastic  when  wet 


3/17/31  50  Diows  -or  A"  ana  an 
I  aacitionai  50  diows  ana  stiii  omy  4" 
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Clayey  Sand  (SO.  wen  deve'ooea  oiay 
Skins,  very  fme  Diaty  structure,  aooears 
to  De  lacustrine  aeoosit.  high  n  siits, 
graces  mto  a  POORLY  GRa(C£0  SanD  'S?) 
at  86.0'  to  86,5'.  fine  to  very  hne  sana 
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POORLY  GRACED  SAND  (SP).  .ngniy 
stained  with  orange  mottling,  slightly  moist 
‘  ne  Sana  from  37  S'  to  38.0'  gracing  to 
medium  Sana  from  93.0'  to  39.5'.  massive 
structure,  mixea  mineralogy 
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l-42-5a-=0/4"  CLAY  iCL)  at  98.5'  clay  skins 
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CLAyE/  SANC  (SCI.  orown/oiive  -jray. 
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CLAYEY  3ANQ  'SCI.  Cark  oii«e  gray 
gisccioration  (material  is  orcwriisn)  5  '' 
3/2.  moist.  some  c:ay  .enses.  oiscoioration 
from  j.olvents  (?).  ooor 
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coarse  sang  m  miacie  of  samoie  !2i.O') 
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Clayey  3ANC  (SC),  strong  Drown,  '  3  'P 
3/5  or  4,3.  moist.  very  cense,  more 
coarse  to  meoum  sano.  ots  of  mica  anc 
quartz  grams,  oiscoiorea  to  Diack  at  23'. 
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C.AyEY  3A.NC  ;SC).  ignt  /enowisn  orcwn, 
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29'  to  27'.  coarse  sanas  at  25') 
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sands,  oiastic.  strong  to  medium  ciay  s«ins. 
mass/ve  structure 


Rig  cown  to  'ecair  ‘rav* 
PIC  •  '0  PPM 


I 


PROJECT 


'-'cCLE— iN  jp=  5VE  '=£A*Ae:L:"''  S'JC'' 


■  LOCATION 


y.~z  s.  AP£i : 


. DRILLING  contractor  INC-.  ;ac?amen~:. 


ELEVATION 

DRILLING  METHOD  AND  EQUIPMENT  ‘■’CSILE  =-6l  CPIL:,  =IG.  5-:nC:-  .-CL-C’/t  E'EM  A'^GEP 
WATER  LEVELS 


:i^;cv;c:-/  <.  .£a=' 


- 

C;^yOi_C 

31'ANCARC 

4  E  N  A_jr  10  N 

PEsll'S 

SOIL  OESCRIP'^IG.N 

CC'^*4£N‘^S 

Oit 

Su; 

og 

< 

^  : 

SOIL  name.  jSCS  SacuP  S'-mBCL.  dolor. 
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POORLY  GRADED  SANO  (SP).  light  Drown. 
lO  YR  8/3,  moist.  noncementeC. 
suorouncec  medium  sano.  some  won-ojiae 
stains,  "nassive 

- 

■ 

26-35 

'.9 

17-29-31-29 

(701 

- 

PIC  »  30  PPM 

1 

- 

I 

■30. 


PROJECT  NUMBER 
5aC;3T2;.'9.33 


PROJECT  3v£  ~-=^~ iSV-lZ' 

Cl  ffuATTON  •?;.* _ _n 


BORING  NUMBER 

SOIL  BORING  LOG 


I  nrATTHw  3!"E  3.  iPEi  2 


ELEVATION  .■■- — 

DRILLING  METHOD  AND  EQUIPMENT 
WATER  LEVELS  '0.3.3.  :6/i3/^ - 


.  ^e:-  ;  -jjr _ LQCATION_ii_L2^JtIc±^ _ 

_ DRILLING  contractor  c£'-'L:-  -Pl-.yS.  SAC^i^E'iJZ.  Zi - 

•■tCSILE  5-6:  CaiLL  .PIG.  3- INCH  -OLlOW  5~SM  puGEP _ 

_ START  06/'0/9l  09<i5  ftnTRH  36/'3/91  '30C  ,  nnPiFR  '  OamCv:.;-/  <. 


SAMPLE 

1  etanCaPD 

SOIL  OEECRIP'^'ION 

1  CCmmcn’S 

Oli-  ■ 

Suv  ^ 
®  a 

< 

1 

i  ”E5T 

1  results 

SOIL  NAME,  uses  GROUP  SymEOL.  OCLOR. 

CR  OASl^iG.  0R'L--'*3  S 

X<  ' 
H-U- 

<3.  a: 

LU3 

acn 

5 

?  ^  > 

^  X  < 

> 

■M) 

.OR  CCNSIS'ENCY.  SOIL  STPijC'URS. 
MINEPALGG'r 

1  ORIL'-IMG  -LU'C  -OSS 

"ESTp  ANC  :\3'=cmen*a-;c.'. 

Own.  _ 

'  5/3.  'noist.  medium  grained,  finmg 

I  downward,  massive 


PIG  =  PC  ==M 


-  U'-SSj 

1  i 

1  ; 

1.9  i 
! 

ir-22-29-38 

'6';  : 

1 

'  *  1 

i 

i 

1 

i 

1  S  2  S 

i  1 

1  1 

29-53  1.9 


'2-14-23-31 

;54) 


SILTv  SANO  (SM).  oaie  drawn.  :q  yp  «.'3. 
moist.  Dooriy  graded,  fme  sand,  .tiay  skms 
common,  massive,  very  few  fine  orange 
mottles 


arm  =33  savi 


i  54.5  ! 
:  55.0  ! 


i29-3si  20  20-40-50/4" 

!3a/4") 


CLAYEY  Sand  (SC),  very  oaie  orown,  10 
yR  7/4,  dry.  medium  to  very  cense, 
massive,  mued  mineralogy,  very  fine  sand, 
25X  Clay  dy  volume,  common  very  well 
ceveiooed  day  skios.  common  dngnt 
orange  mottles 


; - 1 - ^ '  CLAYEY/SIL^'T  5AN0  :SC).  ye'lowisn 

'll  ,  crown,  varies  to  carver  snaoe  or  ye'iowisn 

1  j  !  drown  at  69.0'.  moist,  very  cense. 

I  .p  T  reddisn/orange  drown  mottimg  :n  hgntier 

! 30-331  2.0  matenai 


?TQ  .  22  =°M 


Pig  snut  cown  ‘cr  t”',e  day  doe  -c 
overneating. 


-  Sr'2.'9I  started  d.-'i.'ing  023': 
J  '-=10  =  102  ==»< 


I  ; !  a  I 

1  I 
;  ’2.5  I 


1 

» 

i 

1  ’.9  ‘ 

1 

8-45-30-50/; 

(50/3") 

as  aoove.  color  varies,  some  'arge  m.~a 
grams 


4;D  =  12  PPW 


i32-3Si  '.g 


,  i7-22-'a-'2  1 

1  130  I 


POORLY  graded  sand  (SP).  ye'icwisn 
drown.  10  YR  5/4.  medium  to  ‘me  sand, 
cnanoes  to  CLAYEv/sil'y  sa.'^c  'SC-S.yi 
at  -  '3.3'.  'i.gnt  yeiiowisn  drown  moist, 
medium  density 


arr  >  '3  poM 


PROJECT  NUMBER 

SAC23T22.:9.32 


,  BORING  NUMBER 

i  v£3-04 

SOIL  BORING  LOG 


PROJECT  AN  A-=  ~v£  ~=£a-a3:l:""  ;~.cy 

Cl  PVATTHN  Ar==Cx:'^A*A_'  AC," 


•  A  .LT - 1  nCATTHN  aI~=  S.  ARgA  , _ 

_ DRILLING  contractor  cST'-'.K  DRILLINC-.  3AC=amc>|-C. 

EQUIPMENT  '^CcILz  5--3I  DRIL-  ^13,  3-.NCri  ^GLLOx  STEM  ALGc^ _ 

'S/’3/9l _ start  06/'G/9'  2945  ftmtcm  06/13/91  ■3CC  ,  ncccc 


ELEVATION  " 
DRILLING  METHOD  AND 
WATER  LEVELS  .'.I-  "  ' 

I  —  •  sample 


'  <  _h: 

~  ! 

iij  3  =  z 

au^  —  z  < 


I.NCVIC- 


S’AMOARD  I  SOIL  description 

=enejjl Aj  ::n  i - 

RES”l'l*S  1  SOIL  NAME,  uses  SRCUP  SymBCL.  COLOR. 

-  MOISTURE  CCMTENT,  Ag._Ar:v£  CENSITY 

s-  -C-  -C-  :  OR  CCMSISTHNC''.  SOIL  SYRl'C'UPE. 

.Kj,  i  mIneRalCG'i 


I  'S-C'-’S-AS  ' 
i  i’C)  i 


zA.\u  Zz..  /“riOwisn  Drown. 

Yioist.  '^ense.  nume''Ous  darker  orown 
staining  :n  lenticiiiar  oatterns.  clay  skms. 
Clays  are  very  oiastic.  tending  toward 
finer  at  Dottoiti  iZ’.j") 


CCMMgNt 


:e="h  of  casing,  cpi'-.inc-  ac 
:r:l.:ng  -.-id  .css 

ZzS'S  AND  :NS*FLM£N*A"I3N 


:  ' 

I  134-33 

‘  ! 

'  -9.5  ' 

2.0 

i 

r2-’7-22-35  i 

157)  1 

i 

1 

i  30.0  i 

1  1 

1 

!  i 

i  ' 

,3S-3S 

52.2  ' 

2.0 

17-22-39-36  1 

i!C5) 

1 

' 

I 

I 

lean  clay  'w[’'h  sand  (Cl),  lignt 
yeiiowisn  orown/grayisn  oiive.  2.5  Y  3/3. 
tioist.  Hard,  no  mottling  or  reddisn  Drown 
staining,  also  silty 


Clayey  sand  (SC).  orown.  moist,  very 
dense,  minor  amounts  of  coarse  sand. 


?!D  »  44  POM 


;36-SSi 


M  '6-50-5a/3" 
150/3") 


S.'L'Y  Sand  (SM).  iignt  yeiiowisn  arown.  ’0 
YR  3/4,  moist,  very  dense,  (more  sanoyi 


=!D  •  25 


4S-33-IZ/0" 

(I7/0") 


33-53i  2.0  !22-29-U-23 


same  as  aoove.  some  staining,  changes 
Dack  to  CLAYEY  SANO  (SC)  at 
aoDroximateiy  36  ‘eet.  same  coloring 


POORLY  GRACED  SAND  (SP).  Drown.  10  yR 
5/3.  moist,  fine  to  medium  sand,  aooears 
loose,  suorounded  to  suoanguiar  grains 


=:D  »  34  ROM 


1  RID  »  4  30M 


39,5 


I 

I 


Note:  no  samcie  *39 


PROJECT  I^UMBER  BORING  NUMBER 

5AC23r2:.'9.33  /E3-:- 


SOIL  BORING  LOG 


PROJECT  Svg 


iA'Ja:'.;*’'  E'JC'' 


■  LOCATION  -  = 


elevation 


y  "'j  i 


. DRILLING  contractor  =S'''-T'<  :='.L- INC-,  sad^amev:.  :a 


drilling  method  and  equipment  '■’C3ILE  3-61  DRIL-  ~I3.  6-:nCH  -OLlCw  3T;m  :.o3=3 


o-anCapO  ' 
pene.';.p_aj:cni 

PESol'S  ' 

SOIL  DESCRIP'riON  1 

DEPTH  BELO 
SURFACE  (F 

<  ^ 

>• 

5G:l  .name.  JSCS  S.RCUP  S'^MBOL.  DOLOR.  i 

yCIS‘'JR£  OON'Ent,  RELATIVE  DEmSI”y 

OR  DONSrS'ENCY,  SOIL  StrjC-LRE,'' 
m'.NERALOoY 

r  ; 

■s  •—  ^ 

5 n  ,  i 

6'  -c*  -6'  ; 

'N) 

2P  *•;_ 

's'  -'liO  IN3*RlmE'v'"a"’DN 

- 

^C.  j  t 

1 

1  i 

1  j 

4G-33i  2.0 

i 

i 

i 

22-25-23-461 

(32!  1 

=CCRL'  jRaDED  SanC  'S.-'l  yac.ng  to 
finer  3IL*  IML.’  from  91,5'  to  92'.  car« 
yeilowisn  crown.  '0  rfi  4/4.  moist.  cense, 
mottling  -n  samoie  at  92.Q'.  ctayey  sancs  1 

niling  oiQ  'OOt  c.-anne'S 

=  10 

=  '90  ==M 

1 

9=  Q 

!  j 

, 

; 

92.5  ! 

;  1 

1  1 

1 

1 

CLAYi/SA.NC  (SC),  caie  ye'low.  2.5 ''R  1 

T/3.  moist,  very  cense 

'  1 

i 

1 

j 

1 

1  i  i 

!  '  ! 

4,_  =  ;i  on  31-41-45-30/31 

’-1  ,  (50/3") 

1 

=  13 

i 

1 

a  54  5SM 

"i 

94  3 

1  ! 

i 

I 

95- 

95.5  1 

1  1 

1  1 
1  ! 

1 

1 

! 

1 

1 

1 

'  J2-23' 


■5  ;  7-4C-;0/3" 
'  i  ;;0/3-l 


Sand  (3M'  from  95.3’  to  36'.  iignt 
yeilowisn  orown,  2.5  TR  3/3,  moist,  very 
Jeose 


^!D  »  33  ^°M 


36.3 


100 


CLArET''SIL''r  3anO  SC/Sm).  .g.ot 
yedOKisn  crown.  2,5  fR  3/3.  2015:,  fS'v 
cJense 


'C2 


1  !  I 

i 

I  1  i 

!  '02.0  1  1 

2.0 

1 

26-23-31-36 

(37) 

i  1  ! 

:  102.5  1 

1 

i 

(Ml  ! 

ij5-53i 

2.0 

1  '3-21-42-50  1 

i  i  i 

1  '04  5  ' 

i92)  1 

1 

1  1 

.AYE''  Sand  'SCi.  same  as  aoove 


=10  «  *0  P°M 


silty  5an0  SM),  ca'K  yet^owish  crown.  '0 
yR  j/4,  «et.  cense,  massive,  on  moit'mg 
oCoe'vea 


grounc  water  enccunte'ec  at 
aocronmateiy  '03.0',  =10  •  22  =°m 


END  OF  3CR:nG  at  '04  5.  3/13/91 


One  3-'Ocn  wen  ostanea  -  see  wen 
construction  og. 


I  *o!0  »  =r'otoionizatian  Detector  'or 
prc.ar^ic  /aoors _ 


I 


lOfMHILLj 


'  PROJECT  NUMBER 

'  ;ac:3~22.'9.33 


BORING  NUMBER 

i  _ _ 

SOIL  BORING  LOG 


PROJECT  ELlan  ^F3  5vE  -aE^TABILI-v  STuQv _ i  nriTTHN  Sampling  ^C=~  ^S=-S3.  E. 

ELEVATION  ^^°°Qx:ma^;.Ev  65.^ _ DRILLING  CONTRACTOR  Sg'-'LIK  DRILLING.  5ACRAmEN~C.  CA _ 

DRILLING  METHOD  AND  EQUIPMENT  MOBILE  3-^1/ 3"  ^OLLQ'/<  B7cM  auG£R _ 

water  levels  N0~  =NCOLiN'E=ED _ START  06/'//9l  0910  FTNTRH  C6/'3/9l '2QS  i  nRRPa 


— ' 

sample 

1  SYanCARD  ) 

SOIL  description 

1  CCmmEN'S 

0 

UJ 

CO 

^  ' 

UJ  ' 

< 

!  1 
i  1  - 

a:  i  1  G 

i  RESTjl'TS  ! 

SOIL  NAME,  uses  GROUP  SYMBOL,  COLOR. 
MOISTURE  content  REla'IVE  DENSITY 

DE='*-'  OP  CASING.  CRIL.ING  Ra'E 

X 

M— 

UJ 

a 

<  : 

u. 

X 

X  ' 

cn 

i  ^  -  1  2 
153:'^=: 

z  <  '  2  1=. 

!  3-  -3*  -3-  1 

1  (Nj  ; 

]R  CONSISTENCY.  SOIL  STRUCTURE. 
y'INEPalOGy 

i  CPILlING  PyyIQ  LCS3 

'ES'S  AND  InS'RumEnTa'icn 

0910  5S'.*;i'.g  iC,  0920  5C:''r,pg  augs' 
oian  >0  grill  tprougn  gravel  layer 

~30  or  samoiing  oor: 


no  samoies  taKgn  co  '.S’ 


0-II-I9-2I 

(30) 


'oo  of  jooer  mcaie  siesve  i3.0’!.  31.*'' 
gravel  with  Sanc  (Gmi.  orov.n  :a 
gresmsn  gray.  ory.  nara  suorounceo 
gravel  to  3/4"  coarse  to  fine  sana. 
remamcer  (8.S’-9.5’);  muture  of  SILTy 
SAND  (SM).  ana  ‘at  CLAY  !CH)  greemsn 
gray  to  aarn  gray.  Cry  to  noist.  strong 
ocor 


0940  grincirg.infe'’  gravei  aye',  cm  yn 
P  grinc.rg  stcDS  -  rreasyre  at  "S' 

1  ''*P!D»  »  <2  PPM 


!  2-33 


4-2-2-3 

15) 


POORLY  graced  3anO  wITh  3IL* 

(SP-3M)  TO  silty  sanO  (SM).  cark 
greenisn  gray,  some  rggaisn  orown.  oiacK 
asny  material.  meCium  to  fine  sanCs.  mostly 
fine 


ID  “  aaO  p^m 


3-S3  1  M 


.2-3-13 

;:9) 


As  aoove.  SP-3M  to  SM,  tjnourneo  to 
ournea  newsoaoer  s  wooc  ‘ragme.nts.  one 
nail  in  tiD.  also  aiummum.  oiastic.  any  soii 


!  sijcge  on  outsice  of  samoier 
j  ''"PIC  »  400  P=M 


PROJECT  NUMBER 

SAC237’22.:9.33 


SORING  NUMBER 

; VE3-05 

SOIL  BORING  LOG 


cucr-  ?  'c  ■> 


PROJECT  '•^cCLE'-LAN  ArS  ~'/'g  ~^SArAaiL:'!‘Y  S~U0V _ I  nrATTHM  SAMPLING  «SP-33,  3I~E  S.  aAEa 

elevation  a?=scx:via~L=-^  6=.a _ DRILLING  CONTRACTOR  ORI'-lING.  SACRamEN’S.  2a _ 

DRILLING  METHOD  AND  EQUIPMENT  MOBILE  3-31/3'  hQllQh  STEM  AUGER _ 


water  levels  not  ENCCUNT=RgD 


.START  06^'^/9’  09'Q  ftntrh  26/:8/9i  i2C5  i  nr;r;pa  '^i~iTE 


- 

sample 

;  S'ANDAflO  ! 

SOIL  DESCRIPTION 

1  CCmmENTS 

OJt 

1  I 

Slu  ' 

1 

<  j 

I  M  ( 

i  =>£^'3  1 

SOIL  NAME,  uses  3R0UP  SYMBOL.  COLOR. 

1  C£=TUI  OF  CASING  CRIL  INC-  Ra’  = 

X<  ' 

^OC. 

UiX 

ac/7 

X  1 

5-  ! 
Ig  ) 

'  2  <  ' 

> 

1  5‘  -o'  -5‘  i 

IN)  1 

OR  CONSISTENCY,  SOIL  STRUCT'jRE. 
mineralogy 

i  DRILLING  =L.-:D  LOSS 
!  'E5T3  and  InSTFLmENTa'ICN 

9-49-50 

(99) 


■  jL-.i-r  jnAwCJ 

(SP-SM).  coarse  to  fine  sana.  nostiy  fine, 
ary.  micaceous,  oossioie  c.narcoai 
fragments  -  Out  iook  similar  to  .micas, 
strong  oaor 


silty  Sand,  (SM).greenisn  gray,  ary, 
meamm  to  fine  sands,  micaceous,  "oiiy " 
soil,  strong  oaor 


?ID  =  510  i’°M 


Assume  still  n  Oit  mate'iai 


Infer  native  soil.  -ID  »  2'0  P°M 


n35  oreoare  to  ’■earn  out  noie  witn  ’0" 
auger;  '230  noie  'earned  out;  nstaii  <<e!i 
on  3/'3/9i.  see  ^eii  co.nstruction  oiagram 


SOIL  BORING  LOG 


PROJECT  aP5  SvS  ~==  S'LC'' _ LOCATIONiIIiJ_ifili _ 

ELEVATION  J^==0^:VA~=.-^  iz.3' _ QRIULING  CONTRACTOR  -aCPAmE'!':.  Ca _ 

□RILLING  METHOD  AND  EQUIPMENT  ~^GeiLE  3-o:  DRILL  RIG.  3-:nc:->  -*OL'-Cw  ST=m  al:G=R _ 

WATER  LEVELS  ’Ce-S.  06/i9/9i _ START  06/'3/9t  HOC  ptnTRH  36/i9/9i  M20  ,  nr;r;pa 


- 

5  ^yO'^C 

'  S’anCarc 

SOIL  CESCRIP’'!CN 

-gyMC>‘|-‘3 

< 

i  ^  ■ 

>- 

•X 

RE^TS 

SOIL  NAME,  uses  GROUP  SYMBOL.  COLOR. 

!  CE="H  Ci^  CASING.  CRIL-ING  =a'= 

x<  ■ 

a.  O' 

Ui3 
at/J  : 

,  X  X  : 

z  <  • 

> 

.  *5*  -c*  -o‘ 

N1 

C=  CONS'STENCn  SOIL  ST3uC*'.R£, 
mineralogy 

CRIL-ING  =c'j;C  -CSS 

I  ‘  S  3  '  2  i  1%  G  .  \  S  1  ■'v  V  £  *i .  .  3  N 

nana  zug  :d  -'CPE  mer 


hGPE  ling'  at  2.1' 


■Note;  oriviog  samoies  .«itn  oown  •'oi' 
r'aittitie'’  on  «ire!ine  wincn 


I  WELL  GRACED  GRAVEL  WITH  SILT  AND 
I  Sano  'G'w-‘3M).  grayisn  Drown,  ory.  nara. 
!  ik,crcunceD  gravei  to  coarse  to  ••ne 
I  sane  '.aescriotion  trom  cuttings) 


Cf'iie'  savs  tnmns  -it  ^ravei  at  o', 
cnii  jntii  «e'e  ceicw  j'avei 


iO-'S-iT-2l 

IJ8) 


*oo  0.!.  :3.0');  O’L'Y  oANO  wrH  GRAVE 
SMI.  Drown,  jiougn?.  9eiow.  ,8.2'-9  5') 
SIL"'  5ANO  .SM).  gresnisn  gray,  cry, 
meamm  to  fme  sano.  mostly  fine 


^iCi*  •  :o  ==M 


-  -  1  1  1 

C.C  1  I  ! 

I 

2-S3  1.9  3-3-r-iO 

(IT) 

'  '2.0 

1 

! 

1  !  1 

1 

1 

1 

3-35  I.S  !  5->0-;5-'T  i 

1  |32) 

1 

1 

1  1 

1  1  ! 

Similar  to  aoove.  may  grace  to  ClayE'' 
Sano  ;SC).  Dottom  of  oottom  sieeve  ana 
tio  !ii.3'-’2.0');  silty  SanC  ISM),  as 
anove  witn  oiacK  oiiy  smage  ano  asn  \  '>). 
wire,  strong  odor 


vanes  ‘rom  “OORL''  GRACED  SanC 
SILT  (SP-SM)  to  SILT't/CLAYEY  SAND 
iSM/SC).  'jreenisn  gray,  ary,  mostly 
medium  to  -ine  sane,  locai  areas  o?  ciacK 
siuage  ana/or  asn,  strong  oaor 


"!  PIC  -  <2 

1  oottom  of  samoie  n  -it 


3;0  a  79c  30w 


PROJECT  number 

SiC287’;;.:9.23 


,  BORING  NUMBER 
I vE3-06i 

SOIL  BORING  LOG 


PROJECT  ^=^5  ;vE  ~P=4-:.g;L:~~^  S’LCr _ I  nrATTON  3I~=  =. 

elevation  JP=pc<:‘'<a-EL''  65.3' _ DRILLING  CONTRACTOR  5EyLIK  DRILLING.  SaCPav^EMTO,  Ca 

DRILLING  method  AND  EDUIPMENT  '■‘CBl'.S  3-31  DRILL  PI3.  3-:nCh  ^cllOW  ST£h  auGER _ 


WATER  LEVELS  ’OS  5-  05/19/91 


!  STiNCiPD  I 
■=ENE'=!AT;CNt 


^  j  a:  I  R£5uL' 
X—  I  ^  _ 


Z  <  XX 


■3  -O  -3 

;n; 


■  START  OS/18/91  MCQ _ 

SOIL  OESCRIP’TCN 


SOIL  name,  uses  GROUP  Sy.mBOL.  COLOR, 
MOISTURE  CONTENT.  RELATIVE  CENSITY 
OR  CONSISTENC''.  SOIL  STRUCTURE 
mI,NE=alCGy 


ior.cn  o:  ^coe'  ^iccie  j.seve  anc  ;aD 
'ower  :7iicGie  sieeve  .''5. O’):  RCCRly 
GRACED  SANQ  wITh  SILT  (SP~5M). 
greenisn  -jray.  nostiy  fine  Sana,  aottom  of 
lower  Yiiccie  Sleeve  ana  oottom  sieeve 
(IS.S'-'S.GC:  POORLY  GRADED  SAND  !S?). 
Drown  ary,  meaiuin  to  f;ne  Sana,  mostly 
fine,  micaceous,  no  ’8. O’.  SIL'v  Sa.nC 
(SM),  cry,  fine  Sana,  -nicaceous 


POORLY  GRACED  SAND  WITH  SILT 
(SP-SM).  Olive  gray,  cry,  coarse  to  fine 
Sana,  mostly  fine,  micaceous 


■  FINISH  'G6/I9/9I  1120  ,  riGHFR 


CCmm£m  rs 


CE=’H  CF  CASI.NG,  CR’Li-I.NG  =A 
DRIL.ING  =L'^!D  LOSS 
TESTS  ANC  INS-RUmEn-A'ICN 


no  acvance  on  ore  o  ',  more  ' 
tnan  -<e  orove  R-ss.  to.  cac 
looKs  Similar  to  asn.  =IC  =  28 


9-23-50 

188) 


POORLY  graced  Sand  with  SILT 
(SP-Sm),  Similar  to  aoove  out  orown  to 
Olive  gray 


3-’8-33-J8 

136) 


PID  »A8Q  ?“M 


Diack  mica 


PID  -  -180  P®M 


1  '3-30-35-43 
I  ITS) 


uooer  miaaie  sieeve  ano  too  of  lower 
miooie  Sleeve  125.5’-28.2’):  POORLY 
GRADED  SAND  (SP).  mottieo  oiwe  gray 
ana  Drown,  ary.  meoium  to  nne  sana. 
Oottom  of  lower  miccie  sieeve  ana  Dottom 
sleeve  i26.2‘-2T.0’):  SILT  with  sand 
(ML).  Olive  gray,  ary.  fme  sano,  some  nara 
layers 


PIC  »  2T0  PPM 

some  oartiaiiy  uihifiec  ayers 


j  PROJECT  NUMBER  ,  BORING  NUMBER 

'  3iC23T:2.:9.23  i  vES-Oei 


SOIL  SORING  LOG 


PROJECT  S'/E  '^EATaBILI'^^  S'UCv 


•LOCATION 


STE  3.  iPEA  C 


ir=3C'<;M4'"SL»’  63.3' 


•  ORiLaNG  contractor 


3E''L!K  CP!'— ;nG.  3AC=4mEN"C.  :: 


ELEVATION 

DRILLING  METHOD  AND  EQUIPMENT  MOBILE  3-61  DRILL  PIG.  S-INCH  >«OLLOW  5tSM  .^lGEP _ 

WATER  LEVELS  'C6.5.  C6/'9/9l _ START  06/18/91  ilQQ  ctntpm  06/:9/9l  '12C 


.  LOGGER 


■<.  .Ih!' 


Si.MPLE 


ot 

Suj 

®o 

x< 

►— 

CLS 

UJ3 

ac/1 


< 

> 


> 

I  is  !  -2; 


'  GTANQiRO  I 
-PE.VE’PATIONf- 
1  '^=5"  1 

I  pee'olts  1 


o  -o  -o 

:.N) 


SOIL  DE3CRIPTION 


3QIL  NAME,  uses  GROUP  SYMBOL.  COLOR, 
MOISTURE  CONTENT.  RELATIVE  DENSITY 
OR  CCMSISTENC''.  SOIL  5*PUC*URE. 
mineralogy 


CS=’"-  OF  CASING 
CRIL-ING  F...j;c  .0 
'E3T3  AMC  INS'PLMEN'A 


40 


3-33 


■i9-'5-24 

(39) 


35  ~ 


!  35.3 


9-3S  2.0 


3-9-2T-4T 

(T.1I 


1 

4 

1 

1 

) 

'  j  “S3 

3-12-21-2' 

(42) 

1 

' 

■  -12  C 

UDcer  jieeve  ana  too  of  jocer  niacis 
jiesve  !30.0'-3G.3');  SILT  ftr'-t  Sanc 
(ML),  mottiea  olive  gray  ana  ouve  orown, 
ary.  fine  sana  lammatea.  may  oe  ml -CL. 
Bottom  of  lower  .miaaie  sieeve  ano  too  or 
lowei-  Sleeve  !3i.2'-3i.7'):  =OCRLy  C-RacE' 
SAND  (S?!.  iignt  Drown,  ary.  fine  sana. 
■nicaceous.  oottom  of  lower  sieeve 
(3'./'-32.Q');  SIL'Y  SanC/SanC  SIL’ 
'Sm/ml).  orown.  moist,  fine  Sana, 
.micaceous 


Too  of  uooer  Sleeve  (35.0’-35.3'):  SILT 
WITH  Sand  (ML)  Similar  to  uooer  sleeve  of 
a-3S  Below  (25.3'-37.0');  SILTy  3anO 
(Sm).  Similar  to  Dottom  sieeve  of  3-33  out 
meoium  to  fme  sana.  iocaiiy  calcareous 
nocuies.  a  ‘ew  'ayers  of  sandy  5IL*  ml; 


SANDY  SILT  TO  3ILTY  SAND  (ML  to  3M). 
(40.2'-4i.3')  yeiiowisn  orown  with  FeO« 
stains,  fine  sana  oartiaiiy  iithifiea.  Bottom 
of  lower  micoie  sleeve  anO  lower  sieeve 
(4i.4'-42.0"):  =OORLY  GRADED  SAND 
(SP).  light  orown,  ary.  fine  sana. 
micaceous 


PIC  =  '2  °PM 


>10  >  104  =OM 


FID  ’  36  fom 

ena  6/  '8/  9i,  3400 
start  6/'3/9'.  34.30 


tr.  (/) 

r 


PROJECT  NUM0ER 

SiC;S722.'9.33 


BORING  number 

■  '/5S-06A 

SOIL  BORING  LOG 


PROJECT  '^cC-E— -N  :.==  SVe  ’Rga'^srL:">  S~JC'^ _ i  nrATTOM  S:~E  =.  C 

elevation  -===C:Oa-=.’^  65.3' _ DRILLING  CONTRACTOR  ==v.>:  INC-.  :a 

DRILLING  METHOD  AND  EQUIPMENT  ’^CBiLE  3-5:  DRILL  RIG,  3-:nCH  -OLLOw  3~Em  :.u3=.q _ 


WATER  LEVELS  'SS-5.  C5/:9/9i 


.START  C6/:a/9i  !1C0  gTHT«;H  26/'9/9i'!22  i  nnnp;^ 


a.x  .  — 

013  - 

acn  = 


:i-33  I  1.3 


'  50.0  ! 


'2-3S  I  '.3 


'  S'iNGARQ  ; 
•=E'JE'_P_i.'';CNh 
’■=3”  1 

RESULTS  ! 


3  -3  -0 

,N1 


!2-;S-oG 

i35) 


3-30-66 

(961 


-36-45-50 

195) 


_ SOIL  description _ 

3C'L  NAME,  uses  3R0UP  SvmBCL.  COLOR. 
mCIS^uRE  content,  relative  DE'NSITv 
OR  CONSIS’ENCT,  SOIL  STRUCTURE. 
m[ME=ALCGT 

.3'.e'-3yerec  s.L  ''  c-'—.  3a,nu  r  a., 
:Sm/ml)  !8CX)  anc  “OORLT  GRACED 
SANC  (SP).  Olive  Cray  :o  orown  wit.o 
orange  Drown  FeO*  nottiing.  cry.  fine 
sane,  -nicaceous.  Dartiaiiy  'itnifiea  zones 


silty  SANO/SANOY  SILT  (SM/ML).  as 
aoove  with  POORLY  GRADED  SAND  IS?) 
laminae  as  aoove 


UDoer  Sleeve  ana  ;od  of  jODer  uiaaie 
Sleeve  (S5.0’-55.T’):  SILTY  Sano  ISM), 
olive  Drown  with  orange  Drown  reOx 
streaks  ana  lenses,  cry.  meamm  to  fine 
sano,  mostly  fine.  Bottom  of  uooer  miccie 
Sleeve  ana  too  of  lower  miaoie  sieeve 
(55.T'-56-3').  POORLY  GRACED  SAND  (SP). 
ary.  meciuffl  to  fme  sano.  mostly  fme. 
micaceous.  Bottom  of  'ower  miodte  sleeve 
ana  too  of  lower  sleeve  i56-3'-5o.7''. 
SANDY  SILT  TO  SILTY  Sano  (ml/SM), 
olive  Drown,  ary.  fine  sane.  Botto.m  of 
lower  Sleeve  ana  tio  iSo.T'-ST.O",.  I’CORL'' 
graded  sand  iS?',  ‘ignt  Drown,  zry.  fine 
Sana 


CCmmcm: 


3C3TU  :zs:ng.  c=:l. 
cr'l.i.nq  =.j:c  -CSS 
"E3"3  AND  I'iS'RuMEvz, 


-ID  =  '6 


I 

S!0  » 


STQ  .  13  OPM 

anile''  thinks  too  much  slough  n  -ois 
.nammers  out  samoie' 


i 


I 


I  PROJECT  NUMBER  ;  BORING  NUMBER 

i  3-iC:3'2:.'9.33  !  ,'=3-C6A 

_ : _ 5'-=S~  3  :P  3 

!  SOIL  BORING  LOG 


PROJECT  '^CCLE  — AN  AFB  3vE  ~=>EArAaiL:Ty  3-'jCy 


•  LOCATION. 


3.  iPEi 


elevation 


i?==0;<:M4"SL'''  35.3' 


•  DRILLING  contractor  SE'^L.'K  CPTL-InG.  3ACPAygN~0.  CA 


WATER  LEVELS 

CI6/:9/9l 

PTAPT  06/18/91  itoo  PTNTPH  36/'9/9i  1120  i  nrtRPP  ■<.  whI-;; 

L 

S  A.MP'.E 

1  S'ANDARO 

SOIL  DESCRIPTION 

1  COMMENTS 

Oit 

1  1- 

>-  ! 

X  1 

SOIL  NAME.  JSC3  3S0UP  SYMBOL.  CCLOP. 
MOISTjPE  CONTENT.  PEuAT'VE  DENSITY 

OP  CONSISfENCY.  SOIL  STPUC'UPE. 
m!NE=ALOGy 

CEP'h  CP  Casing.  CPIL.ING  =A'= 

x< 

►-U, 

0.0: 

UJX 

a(/i  • 

X  ’  S  X 

—  '  X  < 

> 

P.  —  '  3'  -3'  '3" 

Z-  ■  ’.N) 

'  CPILlING  P-JID  -CSS 

'E3T3  ANC  ;.n5"plmen*a*;;n 

i 

j  '-1-33 

i 

■  3  Mi-22-2A-27 

■  !  !S>1 

in,.  iQni  crown 

with  PeOx  streaKs.  cry.  ‘me  sana. 
micaceous,  oores.  t,d  (62.0’);  SIlTy  sano 
(SM).  olive  Grown  with  reO«  streaKs  ana 
0003.  Ory.  .mecium  to  fine  sana.  mostly  fme. 
micaceous 

1 

! 

s  22 

65 


35.0 


:S-S3I  !.3 


3*0 


silt  W  TH  SANO  (ML)  (6S.2'-36.J  ).  light 
Olive  jrown.  ary.  fine  sana.  acres.  Bottom 
of  lower  rnicate  steeve  ana  sottom  sieeve 
(6e.A'-3r.O').  silty  sand  (SM).  Iignt 
Olive  Grown,  ary.  a  few  reOx  streans.  may 
/ary  to  a  CLAYEY  3AN0  (SC) 


PIC  •  '9  SOM 


"I  ariiler  cieanea  cuttings  ‘'om  "oie 


I  I 


1  u 

! 

i 

1  3 

'6-53 

1.9 

»-25-40-50/4 

;so/4-; 

1 

-A 

i 

1 

1 

I 

Too  of  uooer  Sleeve  (70.0'-T0.3’I;  SILTY 
SanO  (Sm),  Olive  orown.  ary.  fine  sana. 
oartiaiiy  lithifiea  oores.  Beiow 
(70.3'-Ti.8').  Varies  from  SILTy  SANO  to 
POORLY  SRaOEO  SANO  WITH  SILT  (SM  to 
3?"SM).  light  Olive  Grown  with  PsO* 
staining,  ary.  meoum  to  fme  sano.  mostly 
fine,  micaceous,  may  inciuce  soma  CLAYEY 
5an0  (30  Simitar  to  aoove 


PID  •  32  PPM 

Pig  aown  ‘or  -eoairs  on  ve'iy  car 


c 


PROJECT  number 
SiC23r22.'9  33 


:  aoRING  NUMBER 

i  v£3-36i 


6 


SOIL  BORING  LOG 


location  .S''= 


Mostly  CLAYEY  SANG  (SC),  olive  Drown  i 

with  gray  sireaKs.  dry.  fme  sand,  varies  to  j 
SANOY  CLAY  (CL)  : 


tS-SS  '.3 


3-13-24-40 

(34) 


sio  >  tSS  =»M 


'  52.3 


85 


' 


i  '9-^53  I 


36.2 


Interiayercd  CLAYEy  ^AnO  SCj  (oOS, 
and  silty  SANO  (SmI  (SOX),  ouve  gray 
with  FeO*  streaks  and  oods.  dry.  fme  ^ 
sand,  itiicaceous.  doT.'S.  aot'oin  of  Dottom 
jlgwyg  300  tiD  (86.0  -36.3 ).  •  OORLY 
5RA0E0  SANO  (SP).  fine  sand  with  some 
3IL^  '3fHin36 


I  310  =  250  =SM 

Pig  engine  staamg  ‘'ecuentiy 


irwM  uiii 


PROJECT  NUMBER 

3iiC:3722.:9.33 


BORING  NUMBER 

VES-26A 


PROJECT  3vg  ~REA"AaiL:~^>'  5~'JC'' _ i  nrATTON  Sr=  S.  2 

elevation  A?°gOv:MA~='.'^  oS.a’ _ drilling  contractor  SE'^LIK  DPIL.ING.  SACPamEn’C.  -A 

DRILLING  METHOD  AND  EQUIPMENT  '^CSILE  5-51  DRILL  RIG,  3-:nCH  -CLLOw  STEM  AUGER _ 


WATER  LEVELS  •QS.:.  28/'9/9i 


■  START  08/13/91  IIQO 


■  FINISH  06/19/911120  i  riKnea 


!  SAMP'^E  1  i 

5Cmc‘*'3.\  "rnMi 

'  SOIL  GESCRIP'''I0N  !  COMMENTS 

^uj  1  <  i  's4  I  X  1  PESoLTS 

^  cj  ;  >  ,  ^  1  i  —  1  — 

X<  1  =  i  1  >  1  . j 

Sla  .  d;  xc:  1  ■JC  ' 

Qcn  =  ;  2:<  -  > 

i  SOIL  NAME,  uses  oRCUP  SYMBOL.  COLOR.  !  n^^ru  -c  -  .c-v-  ■'C, 

1  Mcrs-URE  CCNTENT.  RELATIVE  density  j  = 

1  CP  OONSIS'PNCY.  SOIL  STRUC'URE.  ; 

mineralogy  1  1  =0  1  3  -NC  ..No  1 -cMcN  1  A  ,  .,N 

i-i4-2!-25 

(46) 


j.eeve  anc  :co  or  jcoer  oiccre 
Sleeve  !90.3'-9C.3';,  POCRLY  3SACEC 
Sand  IS?)^  ^lottiea  iignt  Drown  ana  Drown 
with  a  few  DiacK  soots^  ary,  fleaium  to  fme 
Sana,  rnostiy  fme^  'emamcer  ’S  SanQy 
SIL’’  l.ML).  Olive  gray,  inoist^  fine  Sana, 
■nicaceous^ 


Note:  "eea  to  sieve  Since  sane  s 
Dorce'"'ne  siit-scie.  onec^eo  witn  *20: 
Sieve,  ower  miccie  sieeve  s  sancy  si.t 

P!0  »  230 


-12-32-50 

'321 


Too  Of  uDoer  sleeve  (95.0’-9S^3');  SANDY 
SILT  (ML).  Olive  gray  with  DiacK  streaks, 
ary,  fine  Sana.  Sottom  of  uooer  sleeve 
(95.3' -95.7');  SILTY  SAND  (SM).  yellowish 
Drownish  gray,  moist,  graces  cownwaro  to 
SANDY  SIL'i'  (ML),  ye'lowisn  Drown,  ary  to 
Slightly  moist  n  tio  (97  O') 


290  PPM 


3-I7-I8-I9 


Mostly  Sandy  SIL'  (ml),  ught  oiive  Drown, 
ary,  fine  Sana  'ocaiiv  graces  to  SILTY 
SAND  (SM).  ’’io  (102.00.  SANDY  lean 
clay  (CD 


Accec  3'  A-roa  to  samcier  so  we  con 
’’uh  out  of  wireline  wniie  crivmg  samoie 
PID  •  30  PPM 


j  PROJECT  NUMBER 

i  3AC23722.'9-Z3 


BORING  NUMBER 
vE3-06i 


3 


I  SOIL  BORING  LOG 

PROJECT  3vE  S'UCv _ i  nPATTON  SI'E  S.  C 

elevation  -P==0x:v^a'EL-^  35.3' _ DRILLING  CONTRACTOR  CRT-J'.NG.  ;aCRam£n-C.  Da 

DRILLING  METHOD  AND  EQUIPMENT  MOBILE  3-3t  DRILL  RIG.  S-.'NCH  hQllQw  3~Em  _ 

'WATER  LEVELS  ’C6-5- J67’9/9I  START  06/18/91 'IQQ  FTNitgu  06/'9/9i '120  i  nnop 

SAMPLE  I  STiNOARO  I  SOIL  DESCRIPTION  !  CC 

sir  .■  .rENST^A'I'ICNl  "  ■'  '  ■'  — 


PROJECT  NUMBER 

3iiC23':2.'9.33 


BORING  NUMBER 
7 =3 -or 


SOIL  BORING  LOG 


PROJECT  AF9  3VE  S’UC- _ i  nnrrnu  Sr=  3.  APEa  : _ 

ELEVATION  ■^■==‘^Cx :maT=ly_65.2' _ GRILLING  CONTRACTOR  SE'^LIK  “RILLING.  SaCPamENTQ  Qa _ 

DRILLING  METHOD  ANO  EQUIPMENT  '•*C6ILE  3-oi  CPILL  RIG,  S-!NCh  ^CL'-Qw  STEM  ^UG£R _ 

WATER  LEVELS  '0C.5.  C6/20/9I _ START  06/'8/9i  'iQs  ftntrm  06/20/91  0~50  |  nf;r;pa  ~  :a\Cv: 


■  5 

x<  - 


sample  1  ETiNQARQ  SOIL  aESCaiP’’:ON 

- - ^ - ■=ENE'[_RAj  lONI - — — - 

I  rJ  I  S  i  REs'LI'S  soil  name,  uses  GROUP  SYMSCL.  COLOR. 

.  i  'r  -  ^OISTjRE  CONTENT.  RELATIVE  density 


|-  :  5-  :  5-  -3-  -S' 

z<  xS:  ■ 


-  :  CR  CCNSI5TENC''.  SOIL  STRUC'URE. 
1  mineralogy 


IOmmSNTS 


C£=*'-1  CF  CASING 
DRILLING  -:.'-IC 
TESTS  and  IN3~-L 


S'/e'v  i.:  n  /«a5.5  -i"  ^ 
3t!is'"«ise  samoie  eve'^'v 


HOPE  liner  at  2.3' 


rill  3Dove  liner;  nanfl  aug  to  ^CP 


WELL  3RA0E0  GRAVEL  WITH  SILT  AND 
SanQ  (GW-GM).  Drown  (turns  gray  wnen 
Dry).  Tioist.  gravel  angular  to  suorouncea 


I  not  enough  samoie  to  ootain  PI 
i  ■neasurement 


3-3-2-3 

(5) 


POORLY  graded  sand  WITH  CLAY 
ISP-SC).  grayish  Drown,  looist.  very  loose, 
some  gravel,  roots  in  samoie.  solvent  ocor 


PIOi*  «  '44  POM 


POORLY  GRADED  SAND  (SPl.  aark  Drown 
when  moist.  gray/oiive  wnen  ary.  moist, 
loose,  strong  solvent  OGor 


"  =:d  » 2'o  PPM 


I 

Ml‘>>  JJ 


aROJECT  — 

•:E3  3v 

3  -==i'i5:L; 

''  I  nriTiriN 

3  3.  AREA  : 

RL=VATIQN 

65  2' 

nPTi  1 TNR  roNTPArmB  3£'L:k  :3;l. 

ING. 

3AC.RA,m£N’0.  CA 

DRILLING  METHOO  AND  tGUlPMENT  = 

3-6'  drill  RI'3.  3-;NC;-  -CLlO'w  3'E^  iLGS^ 

water  levels  ^ 

:6/3C. 

O' 

RTART  06/'8/9l  !'G8  FINISH  “ 

5/30 

/9>  Oi^SC  1  ni^(^P3  '■  -iiNCv'CH/  < 

-SAP' 

■  --M*" 

5*LNCiRQ 

SOIL  3£5CRIP''’:CN 

COMMENTS 

sa  5  ' 

>* 

-s 

SCI-  NAME.  JSCS  GRCLP  SYMBOL,  COLOR. 
Y'-Ii'-RE  CONTENT  RELATIVE  CENSI"' 

:=  ccnsis'enc''.  soil  scrjc’cre 
m:'.e=alcgy 

2^*'  = 

ale  —  5  z 

jj  z  -»  r  z 

c  cn  =  z  < 

> 

6'  -6*  -6’ 

N) 

:r:l-;\g  _:s3 

~E5*3  i^•C  INS ""LVE'i " A  * ; 

-'■.e.'  3VS'?C  -'-v-r",  '  j:lA„-^  :r. 

anc  SILT''  5AN0  SM),  3ii\;e  J.'ay.  ■^o.sr, 
•ne  ;o  <e'y  'ine  sana.  jhgrt  DCcr 

RIC  =  480  ,=RM 

'  ‘r  - 

’  9 

‘■^-■9-32-25 

!53; 

- 

- 

3  2 .  r  ■ 

32.5  ' 

3ILTY  SanO  (SML  carK  orown  etCSC’.  ‘:r 
LO  134  S')  -  orayisn  olive,  'ooist,  ':e''se  ’o 
/ery  oense.  very  ‘.ne  sane,  soivenr  oaor 
/loeo  ooeiifig  so'it  soocn 

'  '  '?-** 

3.0 

'G-32-30-30 

.631 

PIG  a  >120 

- 

- 

- 

345: 

nr  '  35,0  '  .. 

silty  Sand  (SM)  graaes  to  SILT  (ml)  m 
oottom  Sleeve  136.2'-36.n.  grayisn  oiive. 
•noist.  very  aense,  some  orangisn  mottling 

JO 

,  1 

i 

,,  1.-39-50-50/3 

.  i50/3") 

“ 

slight  solvent  ocor 

PID  •  SCO  =°M 

- 

- 

- 

T  r 

a'L  '  Sa.nC  3M)  Olive  gray  -<itn  -ecoisn 
oro.^-'  '-eCxj  staining,  mcist.  'ery  oe^se. 
■•.ne  Sana 

'■2  =  3*i0 

,■3-33 

>g  l2-'6-30-30/A 

:  iSO/A-) 

1 

slight  solvent  ocor.  5.  i8,'9i  sroDoec 
ariiling  '340 

29  : 

-  . 

4U 

1  1 

i  1 

-  ,  ’*i'SS 

: 

•  -i 

'0-'S-20-3e 

!561 

-OCRly  Gr^AGED  SanO  'wiTh  5IL' 

:S?-SM),  Drownisn  gray  I'aitficult  to  tell 
aye  to  lighting  concitions).  moist,  'oose, 
hne  Sana,  solvent  oaor 

- 

3/19/91  Startec  anlhng  C4C4 

PIQ  =  43  ==M 

- 

■:2  : 

'  i 

1  ; 

- 

- 

- 

- 

'  J5.0 

PROJECT  NUMEER 

3iC:3’2:.'9.33 


BORING  NUMBER 


:  SOIL  BORING  LOG 


PROJECT  ^  ^  S'LP-' _ UQCATIONiilLl- 

ELEVATION  JP==C«'>ia~  =  .  35.3' _ DRILLING  CONTRACTOR  CRiL-INC-.  3-1 _ 

DRILLING  method  AND  EQUIPMENT  '-'CSiL;  5-61  DRILL  RIG.  3-:nC:~  -GLLCh  S'Em  auGER _ 

HATER  LEVELS  'G-  S,  :6/30/9i _ START  Q6/'3/9i  -iCS  PTMTqH  j6/2C.  9i  OTgc  i  nr;r;pa  Dancv::^/ 


c^yoi  r 


i  3'i.\CAPC  '  SOIL  DESCRIP'^'CN 

- = E E.’ p_A_- ;  c  N I - 

i  "ESul'S  '■  SOIL  'IAME.  uses  SRCU?  StmBCL.  CClOS. 

- ^  '^CIST^RE  CONTENT.  RE-ATIVE  CENSIT' 

o'  0=  CO.NSISTENC^.  SOIL  3T,RL'C’I.RE. 

•  J,  ■  'Ar\  =  oi;_.;GY 


5 

—  <  2: 


S  5  '  -  — 
5  < 


_ _  _  .■  _ aOu 

■nottles.  TiOiSt.  narc 

20-:s-^oc/T-i 


GCMMCVJTJ 


0CD-U  0C  CiSiMG,  caiL^lNG  Ri’E 

CR'L.ING  .-ljID  -CSS 

"ES'S  A'NO  ;n3'Slm£n*a';;\ 


_  jamce  -as  =:;Ci<y  :<»  ::3y.  'a 
or  ynes  ano  -aoiG,' 5;o'-«  'O.iaraoc  / 

i  '“=ID  =  S8 


SILT  (ML)  gracing  ta  SILTY/CLAYEy 
SAND  iSM/SC)  at  SI.2'.  olive  gray,  moist, 
stiff 


■3-29-'00.'' 

iiCC/3". 


ID  »  !34  PPM 


20-23-34-50 


silty  Sand  (Sm).  oiive/orownisn  ^itn 
reccisn  'larH  Orown  moUling  (filling  former 
root  cnanneis.  moi't.  meoium  censity.  fine 
sane 


PROJECT  NUMBER 
3AC:3r22.'9,j2 


PROJECT  AP=  5V£  '==A~Aar!.:’''  study _ L0CATI0N.2^_E_iill^iJ _ 

elevation  ap==2a:ma~^.-^  sy _ drilling  contractor  5=  crilling.  sacpamen-c,  :a _ 

DRILLING  METHOD  AND  EQUIPMENT  ^•■GSILE  =-6l  DRILL  RIG,  5-INCH  AUGE^  _ 

water  levels  'GG.5.  G6/20/91 _ 2TART  06/’8/9l  1108  T6/20/9I  orso  ,  nni^Pa  '  CANCvrc- 


BORING  NUMBER 
;  VE3-0’ 

SOIL  SORING  LOG 
.  LOCATIONillLLifili 


!  S’iNCAPD  I 
-=EN£'■RA':CN^ 
I  *=3T  1 


SOIL  DESCRIPTION 


Q.  X  _  s  a:  I  ~  ' 

UJ3  .  -  .  r  z  I  ^ 

atn  =  z<  ^  xx 


RESUL’S  !  SOIL  NAME,  uses  GROUP  SvmBCL.  COLOR. 

- ^  MC:S”uRE  CONTENT.  RELArrvE  CENSI"'' 

s-  .5-  I  OR  CONSIS'ENCV.  SOIL  STRuC’LRE. 

i^j  i  mineRalCGv 


,  ;  i  !  CLAfET  Sand  :SC1.  Igraaes  to  oeany  C:. 

j  ,  I  1  tiO).  oii»e.  S  ''  S/3,  xith  earn  -eocisn 

■la-cci  '7  i  25-2’-!GQ/5’' I  Drown  filling  oiU  root  cnanneis.  Ttoist.  .oose 

'  CCQ/S'i  1 


!  I 


1:9-33  1  i.9  i'2-CS-30-50 

:  !  laO) 


POORLY  graced  SAND  (SP).  gray  (salt 
ana  oeooer  coior,  with  orange  feiasoar), 
•noist.  rery  loose  (by  'oucni.  .neoium  to 
coarse  sana 


I  I 

I  I 


:  9 

f4-23-29-32 

[61) 

POORLY  graded  sand  (S?).  same  as 
above 


CCMMO>y73 


CE^'^At  2r  Casing.  CR:L-I*'iG  ^a 
CRiL-iNG  -CSS 
"ESTS  and  IIiS"R'-MEn  *  a 'ICN 


aimos:  ammar  st'jctjre.  = 


massive  structure,  salt"  ouart 
'Deooer '  -  mane  mmerais 


“ID  »  32  P°M 


PID  »  30  PPM 


PROJECT  number 

3j.C:3'2:.'9.33 


BORING  NUMBER 
I  VE3-0' 

SOIL  BORING  LOG 


PROJECT  ^cCLE-.JN  S'/E  _ LQCATIONiiIii_iflii _ _ 

elevation  -P==C  35,:' _ DRILLING  CONTRACTOR  =£^l:k  :r:l.:nG.  ;aC"a:-^E‘.~:  :a  _ _ 

DRILLING  METHOD  AND  EQUIPMENT  '■"Cai'.E  3-6!  CRILu  ^15.  S-:nCh  -^OLwCw  3~Em  auG£= _ 

WATER  LEVELS  '03  :.  16/20/9! _ START  26/ '8/91  :iOa  cTMfgu  2°£±2liL2iliL_  LOGGER  CanQv  :CH.-  a 


SamP'.E 


fflS  .  < 


5’anGaRD  '  SOIL  CE3CRI='!0N 

:  c  EJj!_A_'  ■  C  N  j - — 

5£3Vl'3  I  SOIL  NAME.  'JSCS  3ROU?  S'^mSCL.  CCL2  = 

-  '^OIS'oRE  content,  R£i.AT:vc  CcNSIT' 

I-  i-  OR  CONSIS'ENCV.  SOIL  S'R'JC'LRR 
^■rl  '^ME-ALOG-' 


CCmmEN"^' 


'ES'S 


Z  <  z:=. 


3.-  -MU;.  Qiive  ^fay  recc.sn  -f’  —  -  - - 

Cr(D'/«n  -eC»  j’.airiirc.  TiOiSt  5tif'  j  ■  Tar-  c  e  j,; 

i  1  see  ve'y  ’ine-'i.i'S;,  2'0z<'j  'e*: 


3  !  '3-'6-ia-J6  i 

'  '3a)  ' 


■*  PIu  =  '60  ==M 


I  g  !  !Q-23-j6-30 
'  :  ;36) 


same  as  aoove  (ml),  (no  PeOx  stammg), 
some  Dortions  na.e  more  fine  sana.  out 
still  Clayey  siit.  lammar  Darting  aooears  to 
oe  lacustrine  aeoosit 


’ID  »  60  P’M 


reoiacea  ‘reyec  /.ire'ins 


23-331 


g  I '6-23-47-50  ! 

!  (97)  ! 


lean  Clay  (CL),  oiive  gray,  sioist.  /ery 
stiff,  graces  to  poorly  GRADED  Sand 
(S?)  at  35.a’.  gray  witn  some  reccisn 
Drown  ciscoioration.  moist,  loose 


’ID  *  45  =°M 


1  SP  massive  structure  ’’arc  criiimg 


PROJECT  NUMBER  BORING  NUMBER 

;jc:3*2:.’3.33  ’  ;=s-o^ 


SOIL  BORING  LOG 


PROJECT 


■  LOCATIONS 


3.  -P?i 


elevation  ^ 


■O'  >A'3- '  33.2' 


. GRILLING  contractor  jE^LIK  :RIl.:nG. 


GRILLING  method  ANQ  EQUIPMENT  NCaiLE  3-3!  GRJL-  =>:5.  3-:.NC.w  -GLlOW  5'£^  JUGER _ 

water  levels  05-20/91 _ START  25/:3/9i  'tCS  25/20/91  O'^SC  ;  prir;ga  '  OANCvQO-'  ^ 


:  ^iMP'  z 

a:^  • 

S'i.'JGAPG  i  3CIL  DESCPIPTIGN  i  22*kM£'i'3 

DEPTH  BELO 
SURFACE  (F 

mil  HVAI 

IIIIMIti  It 

AMII  lYI'L 

Kl  1  (IVI  h  r 
(I  1) 

ass'll 3C:l  'JSC3  GPCtJP  5ym60L.  CClO^.  - - - 

'  2R  DDNSfSYBNC'.  SOIL  3*RUC'-JRS.  ‘  =  -  - 

'  >r|  "  mINE.RalCGY  -  -Ni-  -.12  ^ 

.  Ik.'l 

, 

J 

:  52.0  '  i 

STD  Mu..  0"ve  gray,  o  •  o.  j.  nois;.  -.n 
!  to  stiff,  cnances  to  oIL'^Y  SAND  iSM)  at 

1  aoorov.  90.3  .  same  coior  and  density  as 
;  aoo-/e 

•4-22-42-53!  u  ,  . 

!9S)  1  ^  feeis  gr.tty  /ke  voicanic  asn 

i  1  ■'-=:C  =  45  ==M 

i  ! 

95 


' 

' 

j 

1 

!  i 

i  i 

!  i 

1  1 

1 

! 

j 

1  i  1 

i  1 

1  5 

j 

i  95.0 

j  I 

i  1 

i 

1 

i 

i  1 

25-33!  2.0  1 

1  1  i 

>  1  i 

SANDY  SILT  (ML)/SILTY  SANG  (SM) 
grades  finer  aownwara.  oiive  gray  v«ith 
dark  aiuisn  gray  oreciOitate  in  cnanneis 
tnrsucnout  dottom  i  foot  of  samoie 
(96.0  -9T.0').  floist.  very  dense,  fme  sand 


1 


salt  crystals  .seen  tnrcugn  "anc  ensi 
througnout  entire  samoie.  ciockv 
strucfjre,  ^’D  •  2SC 


E'wASTIC  3ILT  ;mh).  orown  <vitn  Oiuisn 
gray  strmgers.  "noist.  Stiff 


^OCRLf  GRADED  3 ANO  :SP).  dark 
/eiicwisn  Crown,  ’.Q  'R  4/4.  wet 
(saturated),  oose.  ■■nedium  sand 


I  samoie  nad  crooe't.’es  of  coin  sut  3 

i  Clay.  Cut  no  cuatancy.  ‘e't  sfCKv.  could 

I  roll  trread.  RID  =  9C  R°m 


RIG  *  ’2  R°M 


!  end  CF  BORING  A”  ros.o'.  5/2C/91 


J"  well  installed  -  see  wen  construction 
log 


PROJECT  NUMBER 
3AC23’22.:9.33 


BORING  NUMBER 

Vc3-38 

SOIL  BORING  LOG 


PROJECT  aP=  3vi  3’-C-/ _ LOCATIQNiHLiiOiiJ _ 

ELEVATION  J^==Cx:ma^='.^  33.J' _ DRILLING  CONTRACTOR  3£'^'-:k  CPIL.^iG.  SaC^amEN-:.  :a _ 

DRILLING  METHOD  AND  EQUIPMENT  '•'09ILE  3-31/6"  >-OL^Ow  5TEm  auGER _ 

HATER  LEVELS  ENCOUNTERED _ START  06/20/91  MQQ  F7Nr<;n  06/2’/9i  C630  i  nnrspq  QanCv:::- 


Sample 

i  STiNCAPD  1 

SOIL  OESCRIPYIGN 

:  CCMMEN'S 

1 

®o 

< 

;  ! 

X 

1  reswI'ts  i 

SOIL  NAME. 

JSCS  GROUP  SYMBOL.  COLOR, 

1 

i  ■E=’’w  CASING,  CRIC-ING  =A*= 

X  < 

O-X  : 

UJ3 

QC/1 

'  <  i 

> 

G  c 

,  i 

,  3‘  -o'  -5-  ' 

',N1  i 

OR  CCNSIS* 
■klNERALCG' 

ENC“'.  SCr..  ST5UC*URE. 

f 

CPIL.ING  -'.JID  '.C33 
’'ES'I’a  ANC  CNS'CPJ.'kS'N'A'ICN 

I  ! 


!  I 


'3-i8-iS-!8 

'.33) 


2-'3  2  3  i  3-9-9-12 

(21) 


3-53  i  >0  ; 


mCPE  liner  at  2.0’ 


CLAXEY  3AN0  (SCI.  Drown,  noist.  ^ecmm 
Density 


POORLY  graded  sand  with  SIL" 

(SP-3MI  graces  to  POORLY  GRADED  SAND 
(SP)  at  it.O  '.  Drownisn  gray,  moist,  very 
loose,  strong  solvent  ocor 


POORLY  graded  Sa.nC  (SP)  onanges  to 
CLAYEY  SAND  (SC)  at  M  r.  carK  orown. 
moist,  loose,  massive  temure,  strong 
solvent  ocor 


C;R£C”IC'i5.  eg  5  samoe  :  S' 
waste  oit 


nanc  dug  to  hCPE  ine'’ 


noticec  raoric  tyoe  'mer  'oeacn  fuss 
coming  uD  tne  auger 


no  oOvious  ocor.  ammar  s:'uct;,re.  oovs 
■ike  onenoc.-ysts  n  a  matrn  cut  actually 
reoiacsment  or  coarser,' 'mer  sous  fme 
sancs  to  ciavs  in  crown  ciayey 
sane/ sane  matrix)  'cnenocrysts '  are 
color  Olive  -grey.  'eCGiSn  Crown,  ignt  tan 
worn  s  jg  Say 


PID  »  162  “f’M 


PIC  •  AIO  PPYI 


PROJECT  NUMBER 


BORING  NUMBER 


SOIL  BORING  LOG 


PROJECT  -r;  :  gr;!..'-:;  _ I  PPATTriN  --  -  =  ^ _ _ 

elevation  _ QRILLING  CONTRACTOR  ING.  ;aC=amen-:.  :a _ 

DRILLING  METHOD  AND  EQUIPMENT  mCEIlE  B-tI/o"  -CL.Cw  5t;m  auGER _ 

water  levels  ENCCuNrEPEO _ START  06/20/91  '!CQ  ftnitrh  :s/2'/9i  C630  i  nr;r;FR  CancviC^ 


®u  5 

x-<  2: 


3  AM=',E 


X  <  a:  r: 


•  -1-S3  '  v3 


3'iNCARQ  ! 
■  PE^ic  "^R  AT’CN  ?■ 


SOIL  description 


RESLL'S  i  SGIL  name,  uses  GROUP  SvySCL.  COLOR, 

- -  MOISTURE  CONTEN'  RE.ATIVE  CEnSITv 

I-  i  OR  CONSISTENC''.  SOIL  3"RUC"-RE. 

’  .jl  :  mInERAlOG/ 

I 


CLArET  SANG  '.SC.',  as  aoove  jniy  .carKe^ 
I  color  iDiacK/oiive.- Qrayi.  Ciscoior3t;cn 
I  oossioiy  -ue  ;o  wastes,  strong  solvent 
^5_g_i2-3  I  OGcr 

120  I 


CLAYRm  sand  ;sC).  as  aoove,  cnanges  at 
19. J’.  organic  material  ana  yeiiowisn  Dronn 
silt  (ml),  oiscoiorea  to  gray.  aarK  orown 
ana  oiack.  waste  material 


3-0-0-0 

02) 


Diack.  Oily,  SANDS  iti  tiD.  waste  material 
(not  enougn  recovery  to  classify  samoiei 


IOM.mEN’'S 


GPIL.ING  -L.IC  .:S3 
'ESTS  ANC  ;n3'=:-menta*;;m 


PIG  «  A30  P°M 


Diack  D'jrneC  mater  ai,  very  strong 
solvent  ocor,  colors  ooserveo  n  aye's 
Ihke  a  cnromofCC'ADn  column) 

"PIG  »  300  PPM 


very  strong  solvent  oCor:  not  enougn 
samoie  to  ootain  a  ?ID  measurment 


i  S-33  I  0,0  i  ^-^3^-50 


,1  T-3S 


IT  '5-30-30-40 
(82) 


SILTY  samO  'SMI.  aark  ouve  gray,  moist. 
oose.  very  fine  sanas.  tenas  sutler  at  tio 
124.3''.  strong  solvent  ocor 


I  jieces  or  metai  3  wire  -  t:D  3  n  joni 
oart  122.3"/  or  samoie.  =IG  »  3:c  ppm 


3-53  I 


,3  'S-32-34-50 

134) 


POORLY  GRACED  3an0  WITH  CLAY 
(SP-SC).  aark  Olive  gray.  5  y  3/2.  moist, 
fine  sane,  loose,  strong  solvent  ocor 


Ena  of  Boring  at  27. 0  feet.  o/2G/9i 


3  "  well  instaiiea  -  see  we'i  construct  on 
'  'og. 


»prQ  a  ^hQfQiQniiation 
Organic  /aoors 


SORING  NUMBER 
VS3-09 


PROJECT  number 
54C:3T22.-9.33 


SOIL  BORING  LOG 


PROJECT 


5v£ 


.LOCATICNil 


elevation  33.r _ orilling  contractor  :=:l.:nc.  3a:=am£m-:,  :a 

DRILLING  method  AND  EQUIPMENT  '■^CSI'.E  3-5:  CRIL-  ^IG.  3-:nCh  ST=M  a,,C-ER 

yATgP  I  gygi  q  ■'IC'  ENCOUNTERED 


.start  C6/2Q/9I  C630  PTNTPH  J8/2'/9M3:5  i  nnnpp 


C  iWOt  Z 


^LU 

®u 


IGNr 


SOIL  G£SC.^I®’^!0n 


CCVm£n^5 


< 

> 


>— u. 
OLX 
UJ3 
Q5/) 


=^cS'JL’5  i  SOIL  name.  JSCS  GPOUP  5YM8CL  COlCP. 

--  I  -  ■ -  '^CIS^GPE  CONTENT.  RELATIVE  GENSI’Y 

2“  '  o  ;!■  .s- ;  :R  CCMSIS'EMCV.  3C:l  S'RUC’UPc. 


s  ^ 

Z  <  • 


0  “*3 


I  ''-[.NE-ALCGY 


-F  CaS'nG  C'^Iw- 

:ptL-:N3  -  -.:c  ,:ss 

"E5'S  A\C 


^3  =  A  - 


5  -1 


10 


i 

w»  1 

1 

1 

1 

1 

! 

i 

_.l - - - 

•4-» 

(It 

1-35 

1 

V3  1 

1 

’-14-13-21 

1 

'  \  j 

.  1  j  j 

2-33  I  1.5 


;2S) 


■5,0 


Rcaa  Ml 

xovsn  ^eotex'.iie  at  0-9' 


«G?£  :insf  at  2.2' 


*30  3f  jcosr  ■sicc.'e  iiesve  13. 2''  ill*' 
SanC  iSMI.  oro-yo,  zry.  Nne  sanc, 
micaceous,  some  jravei  to  G.5  ncn 
( suorounoec).  Below:  SILTtr  SAND  iSM). 
olive  Gray.  5  ’r  J/2.  ary.  .mecmm  to  'me 
Sana,  mostly  fme.  odor,  some  ClArE'' 
SAND  (SC; 


iILTy  3ANO  iSM).  olive  yay.  S  'r  a/2. 
ary.  meaium  to  tme  sana.  mostly  fme 
strong  ocor 


3<c3vatea  o  t  oy  -arc 
auger'pg 


— i  driller  reoorts  gravei  layer  at  aoout  S' 


3T2»  .  97  OPM 


jeotentiie  ‘aoric  n  cuttings. .-on-xoven 
material 


910  *  SCO  =°M 


driller  auge^ec  ‘o  'S',  ‘orgct  '2.5'  samcie. 
Cuttings  are  carv  gray.  oa«  -ne  O't 
mate'ai 


PROJECT  number 


BORING  NUMBER 
'/S3-:9 


SOIL  BORING  LOG 


PROJECT  '•’cC-E.'.JN  jp=  3VE  3~.c-^ _ location ALILi—ifl 

elevation  33. j’ _ grilling  cgntractor  :='•■.>  :=?:l.:\g.  ;ac=am£n~c. 

DRILLING  METHOD  AND  EQUIPMENT  '■'CSiLE  B-'jt  pRIu.  =:G.  3-:nCH  -CL.Qw  5?='^  AL3£=i _ 


water  levels  ^IC  EnCCUN^E^’ED 


.start  06/20/91  0630  cTNiqn  06/2'/9i  '3'S  :  rir;r,PP  ^ 


®o  5 

x<  - 


SAMO'.E 


:  3'iNCAPG 
-=ENE'=A’;CN 
I  '=3’' 

i  RE5>.l'3 


SOIL  DESCRIF'ION 

5g:l  NAME,  jscs  group  S'-'Mecu.  color. 

'^CISTjRE  CCNTEN*.  RELATIVE  CEnSIT/ 
OR  C:NS;3'ENC'^  GCIL  GTauC'CRE. 
mI.nE=alOG'' 


X  <  X  = 


i.eeve  arc  :zc  sr  .cce'  '’■cc:e 
:  j'eeve  CS.3'-’5.3''  SIL'y  3a.nO  3m:.  as 

;  aoove.  Olive  gray.  5  ^  a/2.  Beiov. 

I  ;:5.3'-!7.Q';.  PCCRL'/  GRADED  SanC  w!~h 
d-'9-'9-22  CLA''  ISP-SCl.  /e'lcviisri  Drown.  :C  ’’R  S/S. 
i'AiJ  !  Tiois:.  ■rticaceous.  ocor 


:r;l.;ng  O'idTcss’ 

*E3*3  AND  :'.3'Ri,vi=' 


=  ^aC  --VI 


14-20-51-23 

':44) 


POGPL'I'  graced  sang  is?),  ye'iowisn 
orown.  coarse  ro  ‘me  sane,  mostly  .mecium. 
sugntiy  oiasiic  fmes.  micaceous,  simiar  ;o 
aoove 


may  ce  out  or  Cit,  n’ll 


6-21-23-25 

;481 


P00RL7  GRADED  SAND  WITH  SILT 
iSP-SM).  similar  to  aoove.  soil  nas  a  wet 
aooearance  ana  strong  ocor 


oovs  lire  "ative  soii.  : 
samoie  scacmg,  -ID  » 


'ance  :o 
2n2";sy 


m  I6-33;  1,6  3-7-7-23 

till  i45) 


Too  Sleeve  anc  too  or  jooer  ■niccie  sieeve 
(25.4'-25.3');  SILTY  SANG  iSM).  onve 
gray,  tine  sane.  Betow  (2S.3'-26.9  ): 

SANDY  SILT  (ml;,  cry.  fine  sane,  tio 
127.0'):  =00RLY  GRACED  SAND  wrH  SIL‘ 
ISP-SM),  oaie  Drown.  '0  YP  6/3.  anc 
ye'iowisn  Drown.  '0  yH  5/4.  lammateC.  Cry. 
‘me  sane,  micaceous.  MnC»  anc  trace 
ReOx  stams 


PID  *  360  ,==M 


PROJECT  SV=  ’  =  =  -  -r:-.  -  _ LOCATION .=:_=_L-iCli.^^ _ 

elevation  -p^^C'Cva’E-^  65.:' _ drilling  contractor  se'-'l:-  'mg.  5ac=A,viEv~:.  :a _ 

DRILLING  method  AND  EDUIPMENT  MOBILE  3-6;  CRIL,  =:5.  3-;nCH  r-QLLCW  ETEvi  alGEP _ 

WATER  LEVELS  EnCCL'Nt;peC _ START  C6/20/9I  0630  ptnt<;h  a6/2'/9i '315  i  nf;r;FP  ■<  '*^•1' 


BORING  NUMBER 
.£3-:9 

SOIL  BORING  LOG 


I  nriTTHN  SI'E  E.  AREA  C 


3  amP'.a 

•  1  s 

5  5  :  -  — 
S  <  ■  2  = 


‘  3TA^;CAPD 
■'P£N£j_RA_':CN 

1  re^'ts 


SOIL  description 


SOIL  NAME.  'JSCS  SnCUP  SYMBOL.  COLOR. 
mOI3TL,R£  CONTc'N'.  relative  GENSI' 

;r  oo.nsis'Enc-'.  soil  s^ruc’-re. 
MINERAuOC-'' 


-!  SKr.iiar  .0  accvs. 

'.otsc  one  aninae  of  ‘me  sana 


:e=th  :f  casing.  c=il-;'. 
:ril.;ng  R-jid  .333 
"ES'^E  a.nc  I‘o  "R'-men  *  a  ' 


,e  !  T-25-26-31  ! 

'  ’ST)  i 


»IG  »  550  R=M 


5-10-22-36 

:53) 


9-S3 

,3  3-'S-20-32 

( 

! 

132) 

! 

42,0 

T  00  Sleeve  ana  too  of  uooer  micaie  sleeve 
!3S.a'-35.r)  SILTY  SAND  (SMI.  orown. 
ary,  fine  Sana  mcaceous,  oartiaiiy 
iithifiea.  oores.  Bottom  of  uooer  miaaie 
Sleeve  ana  too  of  lower  miaaie  sleeve 
'35.T'-36.2';:  SILTy  3a.NO  (SM).  ouve 
^ray.  ary.  fine  sana.  coraerime  SanQy 
oIL"  IML).  Bottom  of  lower  iiiccie  sieeve 
ana  oottcm  sieeve  '.38.2'-3r  O'l:  3an0 
silt  (ML).  Olive  gray.  ary.  tine  sana 


’’oo  sleeve  ana  too  of  uooer  .Tuccie  sleeve 
(40.3'-40.3‘);  sandy  SILT  (ML),  ouve 
Orown.  siigntiy  moist,  ‘ine  sana,  oossiOie 
calcareous  nocuies.  Bottom  of  uooer 
miaate  sleeve  ana  lower  mioote  sieeve 
(40. 3’-4i.r); ‘ammatea  SANDY  SILT  (ml) 
ana  Sandy  lEan  clay  (CL).  yeiiowisn 
Drown.  lO  y9  5/4.  ary.  fine  sana.  oores. 
Bottom  Sleeve  ana  t'O  (4i.7'-42.0'): 
POORLY  GRADED  SanD/SANDY  SILT 
(SP/ml).  oaie  orown.  lO  yR  0/3.  ary,  fine 
Sana,  micaceous 


=ID  »  320  R°M 


p;c  =  2)0  ==M 


I 


PROwECT  NUMBER  BORING  NUMBER 

3-C:3”2.'9.22  .  =  3-:9 


SOIL  BORING  LOG 


PRO.ECT 
ELEVA'ICN  . 
CRILLING  ME 
WATER  LEVEl 


.LOCATION. 


. ORILLING  contractor  :=:'-.:nc-.  3ac=amc-- 


rnoo  ANQ  EQUIPMENT  mCSI.E  3-61  QRIL-  ^IG.  3-:nC:-»  -GLLCw  S^EM  auGE^ _ _ 

,3  NC~  ENC:UN'E=£0 _ START  16/20/91  ■2520  F7NiTt;u  26/2'/9'  '2'5  ,  :-!r;r;pq  ^ 


-iM®’  - 


— 

X  < 
a.  2Z 

CC/J 


—  _  > 


5'  -o'  -5* 
N) 


SOIL  G£SC?[P^:GN 


GC*^'^E\"S 


30!L  NAME.  jSCS  5Y‘^BCL.  GCLCP. 

'^GI5"oR£  CONTEN*.  PEi^a'I'/E  G£n3IT  ^ 

:p  ::ns:s^£mcv.  soil  stplc'lpe. 

mINEPALCGV 


;3 

iss  ** 

■'Si  mSn, 


’C-SE 

,  3  T-'3-a2-5C/S  ' 

'  I  SC/S') 

i  • 

i 

; 

:  1 

: 

1 

i  30  0  i  ' 

i 

1  !  ! 

!  ‘ 

;  :i-53  i 

t 

1 

i 

1  5  1  '5-17-20-50 

1 

;  i301 

; 

■ 

50 


55 


:  i  ! 

*  *5  •  s  ^  '  1  5 

)-28-50-50/2' 

'  ! 

(50/2-1 

■  5*3. Y  ' 

:  I 
'  1 

^  '"iOC5  '  3nc  'zz 

c:  ■owe'  Tiiccie  sieeve  lAE.G'-ogj’), 
^amipate-a  Sanoy  3IL'  ml;  'oCX;  ana 
SIL'^'''  3A.ND  !SM)  :jG%;.  Drown.  '0  'TR 
5/2.  •nois;.  fif'e  iana.  -nicaceoijs.  ^eOx 
staining.  Bottom  .of  ower  .miccie  siee-ze 
A6.r-A5 -1  j.  ^OCRL'  3RaC£'j  SanC  SP', 
iignt  orown.  fine  Sana,  '.caceous.  Botto-m 
Sleeve  ana  tiC  i A6.4'-a6.9’l  Sa.nC  3Il* 
■'.ML;,  caie  Drown.  -Q  ■'R  3/2.  ary.  fine 
sane,  micaceous.  ReOx  staining,  mostly  cw 
ary  strengtn 


UDoer  ana  wooer  miacie  sleeves 
(50.-l’-5l,2'):  ooroeriine  SILTY  SAND/ 
SanOy  silt  ISM/ML).  ohve.  5  y  a/2,  ary. 
?ine  Sana,  micaceous,  lammatea  FeO» 
stains  along  ianunae.  Bottom  of  tower 
miccie  Sleeve  5I.2'-5l.5'':  2-'ncn  layer  of 
POORLY  graced  SANO  (S?!.  lignt  orown, 
ary.  ‘me  Sana.  Bottom  of  oottom  sieeve 
i5l.3').  SIL*  with  SanO  IML).  coior 
cnanges  from  orown  to  gray,  ary  fine  sana 


Too.  uooer  miacie  ana  too  of  lower  niacie 
sleeves  (55.0'-56.0’)  Mostiv  SanOy  SILT 
to  SANOY  lean  clay  (ml/CL).  Olive  gray, 
ary,  FeOn  streaKs  m  layers  ana 
cross-cutting  oeaamg  troot  noies’).  fme 
Sana,  low  to  nugn  ary  strengtn.  micaceous. 
Bottom  I  men  or  lower  .miaote  sleeve, 
oottom  Sleeve  ana  tio  ;S6.l’-56.5’); 
.^OCRLY  GRADED  SanO  (3P).  iignt  Orown 
with  FeOx  staining,  ary.  fine  Sana, 
micaceous.  Bottom  of  t:o  (56.T‘);  mu/cl  as 
aoove 


sa'D  e -as  a  trs'. -:t  .a  ev 

oaint  t'.nne'  De'-acs-  t-a;  -as  - 
Dee"  smeMec  on  of'e'  samcies' 
Dore^oies.  n  t:o  suscec:  seme  3' 
may  De  BanCy  .Ban  2-A'  z.s  :■ 
ary  strengtT.  R;D  =  2'C  P=m 


samoie  •’as  some  ocor  a  -n  '0-35 
aescrioea  aoove.  =!D  =  23C  =pm 


^r.ilgr  53v5  "'iSrc  "r 


=  !D  *  AUC  ^°M 


^0 


I 


PROJECT  NUMBER 
s-c:3':;.'5.j2 


BORING  NUMBER 


SOIL  SORING  LOG 


PBOjECT  SV=  ^  =  ^  ^ -ju  - LOCATION  - 

ELEVATION  -P==C:<:Mi~=L^  33.0; _ DRILLING  CONTRACTOR  SS’LIH  :=:L-:‘-i3.  L- - 

DRILLING  method  AND  EQUIPMENT  mCS:lE.3-3i  CRIL^  PIG.  3-:nCm  -CLlOw  ;~Sy_-;.L'G=P - 

WATER  LEVELS  'iQ~  ENCCun:E=ED _ START  i:6/2C/9i  CS30  ptntrh  C3/2'/9! '3'S  i  mpr;PR  ^ 


sCxlMi'EL 


L- _ I  nPATTON  - _ 

•  DRILLING  contractor  ==’L:h  E^IL-I'-iE.  S^CP^'-’E'-r:.  2- 


WATER  LEVELS 


5 

I  <  - 

I— u.  _ 

a.a:  — 

UJ3  - 

acrt  = 


3'iNCAPC  ■ 
■=ENE*  =  A':0N,- 


SCIL  DESCRIP'ICN 


3  <  3  = 


PEEUL'E  i  SOIL  NANS.  'JSCS  3=GuP  EvnSCL.  CClCP. 
-  NOISTLnS  CCN'E-Nr,  PELATIvS  CENSI''^ 


■3  -■3  -'3 

m: 


!  T-i5-'9-23 


CP  CCNSIE'ENC'.  ECi:.  5'PUC'LP£. 
N'MEPALCGY 


sottam  jieevoj  'SC. a’-  3:.''L  =CCPL' 
C-paCcD  EAiNC  iS?!.  Daie  afown,  'O  ^P 
S/3,  ary.  mecmm  to  ‘.ne  sane,  nostiy  ^  ne. 
nicacacus.  Bottom  of  ootten  siesve  ar'o 
t:0  ;6r.r-32.0’L  SanCy  SILT  !«L;.  ouve 
jray.  5  y  3/2.  ary.  fine  sane.  tiicaceoLis. 
i-sO*  staining,  low  ory  strsn.gtn 


;Cmmen^S 


CP  CASING.  COIL-ING  =a 
CPI’-.ING  -.Lie  -CSS 
"ES'S  a.nc  ;nS'=-msn7a*;cn 


PIC  =  250  PpY' 


aniier  says  nara  augenng 


0-2S-22-23 

;asi 


Too  arto  'jooer  maaie  sleeves 
(6S.2'-SS.8');  Intenayerea  SILTY  SAND 
(SM)  lecx)  ana  sanOy  SILT  (ml)  (aCT,). 
olive  Drown,  ary.  fine  sand,  micaceous. 
Below  i65.3'*6'.0’i;  POORLY  GRACED 
Sand  SP).  'iOM  D'own.  ary.  meaium  to  fme 
Sana,  mostly  r.ne.  mxaceous 


PIC  •  '57  PPM 


-43-JJ-E0/3f 

;5C/3-) 


-oo  of  too  Sleeve  (TQ.O'-TO.r);  sanCy 
SILT  (ML),  oaie  olive.  S  y  s/3,  ary.  ‘:r.s 
Sana,  low  '-y  Strength,  may  nave  some 
LEAN  CL*  (CL)  laminae.  Bottom  of  ucoer 
ana  too  of  uooer  miaaie  siee-es  (TO.:'- 
T0.5');  3ILYT  SANG  (SMI,  yeilowisn  orown. 
10  YR  5/ A.  ary.  fine  sane,  micaceous. 
Bottom  of  uooer  miCOie  s'eeve 
(TO.S'-TI.O'):  SANCY  3ILT  (ML)  as 
aesenoea  aoove.  Below  (Ti.o'-ri.T'); 

I  silty  sand  (SM).  as  aesenoea  aoove 
End  of  Boring  at  y;.7  feet,  9/ 20/ 91 


320  aoM 


two  i-incn  Oleometers  nstaiiea  -  ses 
well  construction  og 

•PIC  »  pnotoionijation  Cetector  for 
Organic  JaDors 


VAPOR  extraction  well  record  drawing  S.  CGNSTRLCTIGN  L_0G 

•  PROJECT  NAME  McClellan  SVE _ PRDJECT  ND.  SAC28722. 19.33 

WELL  ND,  0.‘> _  FIELD  DBSERVERS  ^  _ _ 

ELEV,  NGVD  <top  of  well  casing)  ±67,5l___  SURFACE  ELEV,  Nnvri  ±65.4' 
WATER  LEVEL  Fl  FV/DATF  ±10A.5‘ BGS  (6/11 /91)  START  HATF  6/07/91 

DRILLING  CDNTRACTDR  BEYIIK  DRILLING,  SACRAMENTO.  CA  FINISH  HATF  6/12/91 
DRILLING  METHOD  6 -INCH  0.0.  HOLLOW  STEM  AUGER  _ 


X 


1  ‘ 


WELL  CONSTRUCTION  MATERIALS 


••3.13 


GROUND  SURFA^ 

SURFACE 
3ACKFILL 

CONCRETE  WASTE — 
SAMPLING  -RW-  PC(<T 

ANNULAR  SEAL 


CONCRETE 

WASTE 

SAMPLING 

PORT 


WELL  CASING 


bentonite  seal 


BOREHOLE  DIACS) 


W‘ 


0.75  FT  TOP  nr  REINF 

-eoNC.  waste  sampling 

PORT 
3.0  FT 


■INCHES  TC 
•INCHES  TQ 
•INCHES  TO 


CASING  TYPE  _PVC_ 


L22I_-T  3GS 

1-05' _ f-r  gQ3 

- FT  3GS 

DIAMETER  jlilliO 


4  5  FT  COUPLING  TYPE  , 
ifS^^^SCKEEN  TYPE 


threaded 


0.02" 


SLOT  SIZE 


TOP  CAP  TYPE _ P^/C  SUP  CAP 


_ DIAMETER  *''^’00 

•  SCREEN  LENGTH_50I__ 


END  CAP/PLJG  type  SLIPCAP  ~  HELD  W/SST  SCPEVVS 

CENTRALIZER  TYPE  NOT  USED _ 

centralizer  LOCATIDNCS)  not  USED - 


FILTER  PACK 


WELL  SCREEN 


filter  pack  type  ^5  WPS  BAGS  LONESTAR  SAND  S3 
GRADATION  ME_D-COARSE  SAND _ 

SEAL<S) 

BFNTnNTTE  2-50#  BUCKETS  BEN  TONI  TE  PELLETS 
annular  4-94#  BAGS  CEMENT  rPQRTLANQ  TYPE  l-U) 

w/AX  bentonite _ 

SURFACE  COMPACTED  MIXTURE  OP  20X  BENTONITE 

AND  CLEAN  FILL _ 

BACKFILL  BUCKETS  BENTONITE  PELLETS _ 

COMMENTS 


ADDED  5  gal  water  PER  50  LB  BAG  BENTONITE 


END  CAP/PLUC 


SLOUGH 

NOT  TO  scale 

■  depths  ABOVE/BELOW  GROUND  SURFACE 


J:\0iS\IN0USASaC28722\S8722F4O.0WC 


PIEZnMETi^R  RECERE  DRAWING  S.  CENSTRUC^IEN  ^EG 

PROJECT  NAME  ^cCLELLAN  SVE _ PPGJEC"  NC.  SAC28  722. 7  9.3J 

WELL  NO,  02A _  FIELD  O'SSERVERS  ^  WHITE.  D  '^E'^ERS _ _ 

ELEV,  NGVD  (too  of  well  casing)  _±SZD^_  SURFACE  E_EV.  nCVP  ±65.2’ 
WATER  LEVEL  FI  g^V/TlATF  ±1 02.5' BGS  6 /1 4 /91  STAR'  DATE  &/^2/91 

DRILLING  contractor  BEYLIK  DRILLING,  SACRAMENTO,  CA  FINISH  TlATF  S/^5/91 
DRILLING  METHOD  8-INCH  O.D.  HOLLOW  STEM  AUGER _ _ 


GSOUND  SURFACC 

SURFaCE- 
BACKFrLL 

HOPE  LINER 
ANNULAR  seal- 

cement  bentonite 

BENTONITE  seal- 
well  CASING 
WELL  SCREEN 
FILTER  PACK 
SUMP 

END  CAP/ 

PLUG 


WELL  CONSTRUCTION  MA'ERIALS 


BENTONITE  seal 


filter  PACK 
WELL  SCREEN 


SUMP 

END,  CAP/PLUG 

BACKFILL 

TD 


BDREHQLE  DIACS) 


.  I.NCHES  rr-  T0<5'--  3C2 

■  INCHES  TD  _ FT  3GS 

■  INCHES  TO  - F-  BGS 


CASING  TYPE  C/?Ar  PVC  -  SCH  8Q  jiahETER  1" _ 

COUPLING  TYPE  THREADED _ 

SCREEN  TYPE  f _ diameter -JD _ 

SLOT  SIZE  SCREEN  i  FNriTH  2.5'  EACH 

TOP  CAP  TYPE  SLIP  CAP _ 

END  CAP/PLUG  TYPE  I*  DIA.  5.5’  LONG  PVC  SCREV^  ON 

centralizer  type  not  used _ 

N/A _ 


centralizer  LOCATIOKS)  . 

FILTER  PACK  TYPE  SAND  -  SHALLOW  -  J-lQOif  SACS 
_ DEEPER  -  2-10041  BAGS 

GRADATION  3x10  COARSE  -  MEDIUM  SAND _ 

SOALCS) 

BENTONI TE  SHALLOW  SEAL  -  2- 50,^1  BUCKETS _ 

DEEPER  -  1 8-1  OOiif  bags/buckets 
y*'  AND  PELLETS  VCLCLA  Y _ 

CEMENT  RENTONITE  GROUT  35  GAL  WATER. 
1-50*  bentonite.  5-94#  BAGS  CEMENT 
rrypE  r-m  Portland _ 


ANNULAR 


SURFACE  compacted  mixture  OF  20 X 


BENTONITE  k  CLEAN  FILL 


BACKFILL 


AHi-50*  BAGS  COARSE  f^‘)  BENTONITE 
CHIPS 


COMMENTS 

PVC  BOOT  installed  A  T  HOPE  LINER 


NOT  TO  scale 

•  depths  above/below  ground  surface 


J:  XOlSXlNOUSTXSACZaTZZNSaTZZFAl.OWG 


PIEZGMETER  RECGRD  DRAWING  8.  CGNSTRUCTIGN  l_GG 


•  PROJECT  NAME  McClellan  SVE _ PRGJECT  no.  SAC28  722.  19. 3J 

WELL  NO.  .YE ^28 _  FIELD  OBSERVERS  .K  _ _ 

ELEV,  NGVD  (top  of  well  racing)  ±56.  J*.  ±66.4'  SURFACE  ELEV,  NGVD  ±55.  J' 
WATER  LEVEL  ELEV/DATE,  NGVD  NOT  ENCOUNTERED  START  DATE  6/17/91 
DRILLING  contractor  BEYLIK  DRILLING,  SACRAMENTO,  CA  FINISH  DATE  E/17/91 
DRILLING  METHOD  8-INCH  0.0.  HOLLOW  STEM  AUGER  _ 


■  depths  above/beldw  ground  surface 


WELL  CONSTRUCTION  MATERIALS 


BORFHni  F  niAfSl  8“ 

INCHES 

rn  80’ 

FT  3GS 

twrnrv 

rn 

fTT 

—  I^'CHES 

TO 

-FT  3GS 

CASING  type  _r  GRAY  PVC _ DIAMETER  ±1 

COUPLING  TYPE  ’’'•‘REAPED _ 


SCREEN  TYPE  _ DIAMETER— Ll _ 

SLOT  SI 7"  _ SCREEN  i  c^r,ru  2.5'  EACH 

TOP  CAP  TYPE  P^C  SLIP  CAP _ 

END  cap/plug  type  REAPED  0.5"  LONG _ 

CENTRALIZER  TYPE  _ "5£jQ _ 

CENTRALIZER  LQCa:  .0NCS>  -J±Y6 _ 

FILTER  PACK  TYPE  ^AA/O  CDEEPER  AND  SHALLOWER 

HLTER  pack)  2-10QS  BAGS  EACH _ 

GRADATION  ^EulU^- COARSE  SAND _ 

SEAL<S) 

aPMxnMTTr  DEEPER  SEAL  -  1 ’A- 50iH  BUCKETS: _ 

SHALOWER  SEAL  -  T V*- 50*  BUCKETS  y*‘  PELLETS  VOLCLAY 

annular  17  lbs  granulated  bentonite  ~ _ 

4-94if  BAGS  PORTLAND  CEMENT _ 

SURFACE  compacted  MIXTURE  OF  20X  BENTONITE 

AND  CLEAN  FILL _ 

BACKFILL  1'Ai-50/f  BAGS  HOLEPLUG  BENTONITE  CHIPS 

COMMENTS 

PVC  BOOT  installed  A  T  HOPE  LINER _ 

CAPS  MARKED.  SHALLOW  AND  DEEP _ 


J:\DIS\IN0USASAC28722\S8722FA2.DWC 


PIEZGMETER  RECERD  DRAWING  g.  CENSTRUCTIEN  _lG 


PRDJECT  NAME  t^cCLELLAN  SVE _ PREJECT  ND.  SAC28722.1 9. 55 

WELL  NO.  V'ES  05A _  FIELD  OBSERVERS  ^  OANQVICH/K  LEARY _ 

ELEV,  NGVD  (top  of  well  casing)  ±67.2'.  ±67.4  SURFACE  ELEV.  NGVD  ±65.^' 

WATER  LEVEL  ELEV/DATE  ±W2.5‘  BGS  6/17/91 _  START  DATE  5/? 

DRILLING  contractor  BEYLIK  DRILLING,  SACRAMENTO.  CA  FINISH  T.ATF  S /1 7/91 
DRILLING  METHOD  g"  0.0.  HOLLOW  STEM  AUGER _ 


-1.99  FT- 


WELL  CONSTRUCTION  MATERIALS 

aOREHCLE  QIA(S)  INCHES  TQ  _IOJ_FT  3GS 

- INCHES  TO  FT  3GS 

- INCHES  TO  FT  3GS 

CASING  TYPE  SCH  80  PVC _ DIAMETER Ll _ 

COUPLING  TYPE  PVC  FLUSH  THREADED _ 

SCREEN  TYPE  PVC _ DIAMETER_iI _ 

SLOT  SIZE  ,  °  _ SCREEN  i  pnitth  2.5' _ 

TOP  Cap  type  PVC  SLIP  CAP  CSCH  4-0) 

END  CAP/PLUG  type  PVC  SCREW  PLUG  fSCH  aQ) 

centralizer  type  not  used _ 

centralizer  LDCATIDNCS)  - 

filter  pack  type  2-100if  BAGS  (SHALLOW) _ 

Vyj  WO  if  BAGS  (DEEP) _ 

gradation  medium  coarse  M3  8x20  SAND 

SEAL(S) 

bentonite  24Vi-50if  BACS/8UCKET5  BENTONITE. 
DEEPER  SEAL  UPPER  ( SHALLOW)  SEAL  -  m 
BUCKETS  §50  VOLCLAY  ’A~  DIA  BENTONITE  PELLETS 
annular  JJLSS  bentonite  h  9-94#  PORTLAND  CEMENT 

surface  compacted  mixture  of  20X  bentonite 

AND  CLEAN  PILL _ 

backfill  bags  500  bentonite _ 

COMMENTS 

PVC  BOOT  installed  at  hope  LINER _ 

added  5  gal  water  per  50  LB  BAG  BENTONITE 

CHIPS /PELLETS  TO  HYDRATE  CPRIQR  TO  ADDING _ 

CHIPS /PELLETS) _ 


J;  \0iS\lN0UST\SAC2a722\S8722F43,0WC 


PIEZOMETER  RECORD  DRAWING  S.  CONSTRUCTION  LOG 


PROJECT  NAME  McClellan  SVE _ project  no.  SAC28722.19..1.1 

WELL  no.  _  FIELD  OBSERVERS  T  DANOVICH/D  MEYERS _ 

ELEV,  NGVD  (top  of  weU  casing)  ±67,  J*.  ±S7. 4'  s:l JRFACF  ELEV,  NGvn  ±65.4' 
WATER  LEVEL  ELEV/DATE.  NCvn  NOT  ENCOUNTERED  START  TIATP  6/18/91 
DRILLING  CONTRACTOR  BEYLIK  DRILLING.  SACRAMENTO,  CA  FINISH  DATF  6/18/91 
DRILLING  METHOD  6"  0.0.  HOLLOW  STEM  AUGER _ 


WELL  CONSTRUCTION  MATERIALS 


GROUND  SURFACE 

SURrACE 
BACKFILL 

HOPE  LINER 

annular  seal 

CEMENT 
BENTONITE 

SHALLOW 
PIEZOMETER 

WELL  CASING 

BENTONITE 
UPPER  SEAL 

SHALLOWER 
SAND  PACK 

SHALLOWER 
PIEZOMETER 
WELL  SCREEN 

SUMP 

END  cap/plug 


BENTONITE 
DEEPER  SEAL 


DEEPER  CSAND) 
FILTER  PACK 


DEEPER  PIEZOMETER 
WELL  SCREEN 


aOREHO'.E  DIACS)  _ ® _ INCHES  Tn  28.5'  rr  3gs 

- INCHES  TO  _ FT  3GS 

- INCHES  TO  _ FT  3GS 

CASING  TYPE  SCH  80  PVC _ DIAMETE.R  _Ll__ 

COUPLING  TYPE  PVC  FLUSH  THREADED _ 

SCREEN  TYPE  _ DIAMETER-JC _ 

SLOT  SIZE  _ SCREEN  i  r^cTH  2.5' _ 


TOP  CAP  TYPE  PVC  SUP  CAP  (SCH  40) _ 

END  cap/plug  TYPE  PVC  SCREW  PLUG  ^SCH  ^0) 

centralizer  type  not  used _ 


CENTRALIZER  LDCATIONCS)  ..  ..filfZl 


filter  pack  type  LONSSTAR  sand,  SHALLO^^fER  ~  1^*- 
IQOif  BAGS  DEEPER  -  1 -WO*  BAG _ 

GRADATION  (COARSE-MEDIUM)  8x20  5AN0 _ 

SEALCS) 

bentonite  deeper  seal  -  A-50^  dUCXETS/3ACS 

bentonite.  UPPER  rSH ALLOW)  SEAL  -  TV*  BUCKETS 
5041  VOLCLAY  ^4  bentonite  PELLETS _ 

ANNULAR  7L8S  bentonite  y-  2-9441  PORTLAND  CEMENT 
SURFACE  COMPACTED  MIXTURE  OF  2QX  BENTONITE 

AND  CLEAN  FILL _ ^ _ _ 

BACKFILL  BUCKETS  VOLCLAY  y*‘  QIA _ 

BENTONITE  PELLETS _ 


END  CAP/PLUG 
END  cap/plug 


COMMENTS 

PVC  BOOT  installed  AT  HOPE  LINER _ 

ADDED  5  gal  water  PER  50  LB  BAG  BENTONITE 
WHEN  BENTONITE  ADDED  TO  HOLE _ 


NOT  TO  scale 

■  depths  above/below  ground  surface 

J:\DIS\INOUSASAC28722\S8722F4A.OWC 


VAPGR  EXTRACTIGN  WELL  RECGRD  DRAWING  S,  CGNSTRuC’MN  _GG 

PROJECT  NAME  McClellan  sve _ project  no.  SAc28722.13.53 

WELL  NO.  _  FIELD  OBSERVERS  T  DANQVICH _ 

ELEV,  NGVD  (top  of  well  casing)  ±66.1'  ipr ELEV,  NCVn  ±65.7' 

WATER  LEVEL  ELEV/DATE  ±WJ.O'  BCS  6/13/91  START  DATE  6/10/91 

DRILLING  contractor  BEYLIK  DRILLING,  SACRAMENTO,  CA  FINISH  HAtr  6/13/31 
DRILLING  METHOD  5"  0.0.  HOLLOW  STEM  AUGER _ 


WELL  CONSTRUCTION  MATERIALS 


BQREMQLC  DIACS) 


10“ 


■  INCHES  TO 
■INCHES  TO 
.  INCHES  TO 


L21_"  3GS 
-ET  3GS 
-FT  3GS 


105' 


CASING  type  SCH  80  PVC 


diameter  -3' 


COUPLING  TYPE  PVC  FLUSH  THREADED 
SCREEN  TYPE  PVC 


■DIAMETER. 


15‘-0.02q’  5'  BOTTOM 

SLOT  SIZE  S'rO.OlO'  SCREEN  i  ength  15'  TOP 

TOP  CAP  TYPP  PVC  SUP  CAP  (SCH  ^0) 

($CH  *0) 


END  CAP/PLUG  type . 
CENTRALIZER  TYPE  _ 


PVC  SCREW  PLUG 


NOT  USED 


centralizer  ldCatiqncS)  _ f  S'  ccffP-FM  R~innf 

rruTER  PACK  TYPE  LONESTAR  SAND  5- SCREEN  J-IOOfU 

gradation  (COARSE-MEDIUM)  8x20  SAND _ 


SEAL<S) 

bentonite  ("TOP)  4Vi- 504/  BUCKETS  BENTONITE 
annular  bentonite  cement  grout  mix.  16-04*  SACS 
CEMENT.  300  GAL  WATER,  2Vi-50»  BAGS  BENTONITE 
bentonite  (BETV/EEN  well  screens)  10yi-50¥ 
BUCKETS  BENTONITE 


surface  compacted  mixture  of  20X  BENTONITE  AND 
CLEAN  HLL _ 

BACKFILL  (BOTTOM)  J-SOj  BUCKETS  BENTONITE 

COMMENTS 

PVC  BOOT  INSTALLED  A  T  HOPE  LINER _ 

total  PVC  LENGTH  PUT  IN  HOLE  =  90.0  ' _ 


J;  \OI  S\lNOUS  ASAC28722\Sa722FAS.  D WC 


VAPOR  extraction  well  record  drawing  CONS'^RUCTIEn  log 

PROJECT  NAME  McClellan  SVE  _  project  no.  SaC28  722.!9.J.-; 

WELL  NO.  _  FIELD  OBSERVERS  ^  _ _ 

ELEV,  NGVD  (top  of  well  casing)  ;±5£9l__  SURFACE  ELEV,  Nnvn  ±65.4’ 
WATER  LEVEL  ELEV/DATE,  N  G  V  D  NQ  T  ENCOUN  TERED  START  DATE  6/17/91 
DRILLING  CONTRACTOR  5FVL/K'  DRILLING,  SACRAMENTO,  CA  FINISH  HATF  6/18/91 
DRILLING  METHOD  70"  O.D.  HOLLOW  STEM  AUGER _ 


WELL  CONSTRUCTION  MATERIALS 


GROUND  surface 


SURFACE  seal 


CONCRETE  waste 
SAMPLING  PORT 


BENTONITE  seal 


*t.50  FT  3GREH0LE  DIA<S) 
0.85  FT  TOP  OF 

REINFORCED 
CONCRETE  waste 
SAMPLING  PORT 


W‘ 


.INCHES  TO 
.  INCHES  TO  ■  ^.01 
•INCHES  TO  _ 


HELL-T  3GS 
FT  3GS 
FT  3GS 


CASING  TYPE  SCH  80  CRAY  PVC  DIAMETER  -5“ 


"T  COUPLING  TYPE  PVC  FLUSH  THREADED 


BOTTOM  OF 
REINFORCED  SCREEN  TYPE 

concrete 


PVC 


-DIAMETER- 


SLOT  SIZE  .flS.Z- 


.  SCREEN  LENGTH  5,2‘ 


TOP  CAP  Type  pvc  sup  cap  (sch  40) 


END  cap/plug  type  pvc  SCREW  PLUG 
centralizer  type  not  used _ 


.CSQHJ^L 


centralizer  LOCATIDNCS) 


FILTER  PACK  TYPE  ^^0/  SAGS  /J  SAND _ 

GRADATION  MEDIUM-COARSE  {3x20)  CLEMENTINA 

se:al(S) 

<3  rr  BENTONITE  2-500  BUCKETS  VOLCLAY  /«’  01 A 


BENTONITE  PELLETS 


FILTER  PACK 
WELL  SCREEN 


ANNULAR  bentonite  CEMENT  GROUT  MIX.  7'/i-9^0 
ti.D  Vt  bags  cement  +  100  GAL  water,  ’/i-500  SACK  BENTCNITE 

SURFACE  COMPACTED  MIXTURE  OF  20X  BENTONITE 
AND  CLEAN  FILL _ 

BACKFILL  2yi-5O0  BAGS  COARSE  GRAINED  BENTONITE 

COMMENTS 

HOLE  DRILLED  TO  30'  WITH  8“  DIA  AUGER  AND  THEN 

REAMED  WITH  10’  AUGER.  ADDED  ALL  BACKFILL _ 

THROUGH  AUGER _ 


SUMP 


END  CAP/PLUG 


BACKFILL 
SLOUGH 


TD  30  FT 


NOT  TO  SCALE 

■  DEPTHS  ABOVE/BELOW  GROUND  SURFACE 


J:\OlS\INOUS  ASAC28722\Sa722FA«.OWC 


PIEIZnMETt^R  RECORD  DRAWING  a.  CCNS ^RCC ^ lEN  _EG 

PROJECT  NAME  McClellan  SVE _ _  project  NC.  SAC28722.  '9.JJ 

WELL  NO.  OS  A _  FIELD  OBSERVERS  W  ^/TE _ 

ELEV,  NGVD  (top  of  well  ra«=;inQ)  ±67,  J'.  -^5  7  5'Rl  !Pr ATP  ELEV,  NFVF  2:65.3' 
WATER  LEVEL  ELEV/DATE  ±7C6.5'  BCS  6/19/91  START  DATE  6/13/91 

DRILLING  contractor  BEYLIK  DRILLING.  SACRAMENTO.  CA  FINISH  TIATF  6/19/91 
DRILLING  METHOD  5"  HOLLOW  STEM  AUGER _ 


WELL  CONSTRUCTIGN  MATERIALS 

aORErlCLC  DIA<S)  _ §. _ INCHES  'Q  3GS 

- INCHES  Ta  _ E-  3GS 

- INCHES  TC  _ ET  3GS 

CASING  TYPE  SCH  80  PVC _  DIAMETESLl! _ 

COUPLING  TYPE  rmSH  threaded _ 

SCREEN  TYPE  SCH  80  PVC  nTAMrrro  _ 

SLOT  ^T7r  0.02’  crarrsi  i  rNnTH  2.5'  EACH 

TOP  CAP  TYPE  PV'C  SUP  CAP _ 

END  CAP/PLUG  TYPE  SL/P  CAP  W/55T  _ 

CENTRALIZER  TYPE  NOT  USED _ 

centralizer  LOCATIQNtS)  - 

EILTER  PACK  TYPE  SANQ.  SH ALLOWER ~  V/i  1 00^  BAGS 
OEEPER-VA  lOOiBACS _ 

GRADATION  MEDIUM-COARSE  (3x20) 

SEAL<S) 

BPMTnMrTc-  UPPER  (SHALLOW)  2-500  BUCKETS _ 

bentonite,  deeper  -  TJ  SOS  BUCKETS  BENTONITE 
annular  50/  granulated  bentonite  h-  r9-9A^  bags 

PORTLAND  CEMENT  -h  225  CAL  WATER _ 

SURFACE  compacted  MIXTURE  OF  2QZ  BENTONITE 
AND  CLEAN  FILL _ 

backfill  bags  holeplug  bentonite  chips 

COMMENTS 

EVC  boot  installed  a  t  hope  uner _ 


J:  \0IS\iN0USASAC28722\S8722FA7.0WC 


PIEZOMETER  RECERD  DRAWING  8.  CGNSTR'JCTIGn  LEG 

PROJECT  NAME  McClellan  sve _ project  no.  SAC2a722. 19.33 

WELL  NO.  Qgg _  FIELD  OBSERVERS  K  _ 

ELEV,  NGVD  (top  of  well  casing)  ^67J__  SURFACE  ELEV,  NCvn  ±55.5' 
WATER  LEVEL  ELEV/DATE,  NGVD  ..NOT  ENCOUNTERED  START  BATE  6/21/91 
DRILLING  CONTRACTOR  BEYLIK  DRILLING,  SACRAMENTO.  CA  FINISH  DATF  6/21/91 
DRILLING  METHOD  5"  O.D.  HOLLOW  STEM  AUGER _ _ 


•>■1.34  FT* 


WELL  construction  MATERIALS 

borehole  DIa<S)  _ INCHES  Tn  30. s  rr  3gs 

- INCHES  TO  _ FT  3GS 

- INCHES  TO  - FT  3GS 

CASING  type  SCH  80  PVC _  diameter  _LI _ 

COUPLING  TYPE  threaded _ 

SCREEN  TYPE  SCN  80  PVC  nTAMrrrp  .1“ _ 

SLOT  SIZE.nili! _ SCREEN  LENGTH_2I _ 

TOP  CAP  type  PVC  SUP  CAP _ 

END  cap/plug  type  sup  cap  W/SST  screws _ 

centralizer  type  not  used _ 

centralizer  ldcationcs)  - 

riLTER  PACK  TYPE  SAND.  SHALLOWER  2-WO>f  9AC5 

DEEPER  1-1  QOS  BAG _ 

GRADATION  MEDIUM-COARSE  (8x20) _ 

SEAL(S) 

arNYRNTTr  VQLCLAY  'A‘  AND  i*’  PELLETS.  SHALLOWER 

in- 500  BUCKETS.  DEEPER  3-50*  3UCKETS/BACS 

ANNULAR  CEMENT-BEN  TONI  TE  GROUT  7  BAGS  940 
CEMENT  -h  85  GAL  WATER  250  BENTONITE _ 

SURFACE  compacted  mixture  OF  2aX  BENTONITE  AND 

CLEAN  HLL _ 

BACKFILL  1-50#  BAG  HOLEPLUG  ■>»'•  BENTONITE,  COARSE 

COMMENTS 

PVC  BOOT  installed  a  T  hope  LINER _ 

*BOTH  SCREEN  SLOTS  WERE  CUT  WITH _ 

HACKSAW  ON  ONE  SIDE  OF  CASING.  BOTH  SLOTTED 
SECWNS  ARE  ORIENTED  PACING  EAST _ 


NOT  TO  scale 

■  depths  ABOVE/BELOW  ground  surface 


J:  \0lS\iN0USASAC28722\S8722F4a.0WC 


VAPOR  EXTRACTION  WELL  RECCRD  DRAWING  S.  CENSTR'JC 


PROJECT  NAME  McClellan  SVE _ PREJECT  NG.  SAC28722.^9.JJ 

WELL  NG.  07 _  FIELD  OBSERVERS  0  MYERS /T  DANGVICH _ 

ELEV,  NGVD  <top  of  well  cas.ng)  -66.0'  .gcTArr  ElEV,  .NFvn  ±65.2' 

WATER  LEVEL  F!  FV/TATF  ±1 02.5' BGS  6 /20 /91  S'AR’  DATE  5/^ 8/91 

DRILLING  CONTRACTOR  BEYLIK  DRILLING,  SACRAMENTO.  CA  finish  HaTF  5/20/91 
DRILLING  METHOD  6”  O.D.  HOLLOW  STEM  AUGER _ 


WELL  CONSTRUCTICN  MATERIALS 


0.79  FT*  aOReHOLc;  OIACS) 


w 


.INCHES  TO 
.  INCHES  TC 
■INCHES  TO 


55 


3GS 

121 - FT  3GS 

- ."T  3GS 


CASING  type  _scti_80^yc_ 


DIAMETER  3” 


COUPLING  TYPE  F’LUSH  threaded 
SCREEN  TYPE 


PVC 


diameter - 


SLOT  SIZE  _0i02l 


•  SCREEN  I  FNr.TM  9.5' 


TOP  CAP  TYPE  SUP  CAP 


END  CaP/PluG  type  A  VC  SCREW  PLUG 
centralizer  type  /vor  used _ 


N/A 


centralizer  LQCATIDNCS) 
filter  pack  type  SAND,  7  2/3-lOOi  BAGS 

gradation  #J  8x20  GRADED  MONTEREY  SAND 

S£AL<S) 

BENTONITE  2Vi-50*  BUCKETS  BENTONITE _ 

ANNULAR  ggiV  TONI  TE  CEMEN  T  CRQU T  MIX.  1*  BAGS  9^ 
CEMENT  -h  J 00  GAL  WATER.  28  LBS  BENTONITE _ 

surface  compacted  mixture  of  20X  bentonite 

AND  clean  fill _ 

BACKFILL  <BENTaNITE>  IZH-SOj  BUQKEJS/BAGS. 

AND  »>•  BENTONITE  PELLETS  AND  CHIPS _ 


BACKFILL  ffiPni  iT^  REN  TONI  TE  CSMFN  T  OPOU  T  hilX  ^  a- 
94#  BAGS  CEMENT  -h  I  75  GAL  WA  TER  ^1-500  BAG 

bentonite _ _ 


COMMENTS 

PVC  BOOT  INSTALLED  A  T  HOPE  LINER _ 

ADDED  5  GAL  WATER  PRIOR  TO  EACH  50  LBS 

bentonite  in  hole _ 


J:\OIS\INOUSASAC28722\S8722F49.0WC 


VAPOR  extraction  well  record  drawing  S.  CENSTR'JCTIGN  I 


PROJECT  NAME  McClellan  SVE  _  project  no.  SAC28  722. 19.33 

WELL  NO.  _  FIELD  OBSERVERS  0  ,^YERS/T  DANOVICH _ 

ELEV,  NGVD  <top  of  well  casing)  ±66.4'  !^uRrArF  ELEV,  Nnvn  ±65  4' 
water  level  ELEV/DATE,  NGVD  not  encountered  START  DATE  6/20/97 
DRILLING  contractor  BEYLIK  DRILLING,  SACRAMENTO.  CA  FINISH  DATF  6/21/91 
DRILLING  METHOD  70”  O.D.  HOLLOW  STEM  AUGER _ 


*1.00  FT* 


WELL  construction  MATERIALS 

3QHEHOLE  QIACS)  _ 12 _ INCHES  Tn  28  rr  bgs 

— ^ - INCHES  TO  _£Z _ FT  3GS 

- INCHES  TO  FT  3GS 

CASING  type  SCH  aO  PVC _  DIAMFTEa  3" 

COUPLING  TYPE  F'LUSH  THREADED _ 

SCREEN  TYPE  _ DIAMETER  _ 

SLOT  SIZE  .Q-OZ' _ SCREEN  LENGTH_£Z£! _ 

TOP  CAP  TYPF  PVC  SUP  CAP _ 

END  CAP/PLUG  type  PVC  SCREW  PLUG _ 

centralizer  type  not  used _ 

centralizer  LQCATIONCS)  . . _ 

riLTER  PACK  TYPE  SAND,  4-100,11  BAGS 

GRADATION  8x20  GPAOEO  MONTER£Y  SAND _ 

SEALCS) 

BENTONITE  2'A-50i  BUCKETS/BAGS  X«*  PELLETS/ 
CHIPS  bentonite _ 

annular  ben rONiTZ  cement  grout  mix.  6-94d/3ACS 
CEMENT  +  75  GAL  WATER  -h  20  LBS  BENTONITE _ 

surface  compacted  mixture  op  20%  bentonite 

AND  CLEAN  FILL _ 

BACKFILL  BAGS/BUCKETS  '/*“  CHIPS /PELLETS 

BENTONITE _ 

COMMENTS 

PVC  BOOT  INSTALLED  A  T  HOPE  LINER _ 

ADDED  5  GAL  WA  TER  PRIOR  TO  EACH  50  LBS _ 

BENTONITE  IN  HOLE _ 


J;\0IS\INOUSASAC28722\Sa722F3O.0WG 


PIEZDMETEIR  RECERD  DRAWING  S.  CENSTRUCTIGN  lEG 

PROJECT  NAME  _  McClellan  sve _ _  project  no.  SAC2a  722. 19.33 

WELL  NO.  09 _  FIELD  OBSERVERS  ^  '^'TE _ 

ELEV,  NGVD  <top  of  well  casing)  ±66.8'  "^wqf ELEV,  NCvn  ±66.0' 
WATER  LEVEL  ELEV/DATE,  NGVD  NOT  ENCOUNTERED  START  DATE  6/20/91 
DRILLING  contractor  BEYLIK  DRILLING.  SACRAMENTO.  CA  FINISH  DATF  6/21/91 
DRILLING  METHOD  5"  HOLLOW  STEM  AUGER _ 


*1.87  FT* 


WELL  construction  MATERIALS 

borehole:  DIACS)  — §. _ inches  rn  72  FT  3GS 

- INCHES  TO  _ FT  3GS 

- INCHES  TO  _ FT  3GS 

CASING  type  SCH  80  PVC _ DIAMETER _LI _ 

COUPLING  TYPE  threaded _ 

SCREEN  TYPE  ■  SCH  30  PVC  nTAMrrro  ?* _ 

SLOT  SIZE  _ SCREEN  i  FNnTM  2.5‘  EACH 

TOP  CAP  TYPE  SLIP  CAP _ 

END  cap/plug  TYPE  SL/P  Cap  W/55T  SCREWS _ 

CENTRALIZER  TYPE  /VOT  USED _ 

centralizer  locatidncs?  _ 

FILTER  PACK  TYPE  SAND.  SHALLOWER  -  VA-WOS 

BAGS.  DEEPER  -  11/i- 100*  BAGS _ 

gradation  MEDIUM-COARSE  (8x20) 

SEAL<S) 

BENTONITE  ^OLCLAT  V*’  AND  PELLETS.  SHALLOWER 
2-50*  BUCKETS.  DEEPER  -  3Vi-50S  BUCKETS/BAGS 
annular  cement  bentonite  grout  mix.  7-9**  BAGS 

CEMENT  -A  35  gal  WATER  +  25  LBS  BENTONITE _ 

SURFACE  compacted  MIXTURE  OF  20X  BENTONITE 

AND  CLEAN  FILL _ 

BACKFILL  5  1/3-50*  BAGS  HQLEPLUC  BENTONITE 
CHIPS _ 

COMMENTS 

PVC  BOOT  INSTALLED  A  T  HOPE  LINER _ 


J:  \0IS\IN0US  ASAC28722\Sa722F31 .  OWC 


STANDARD  PROCEDURES 
FOR  LOGGING  OF 
SOIL  BORINGS 


January  1990 


CH2M  HILL 


CONTENTS 


Introduction  1 

Policy  1 

Instructions  For  Completing  Soil  Boring  Log,  Form  D1586 
Field  Classification  of  Soil 
Standard  Penetration  Test  Procedures 
Sample  Labeling  and  Packaging 
Field  Equipment  Checklist 
Selected  References 

Appendix-ASTM  D  2488-84 


TABLES 

1  Example  Soil  Descriptions 

2  Criteria  for  Describing  Moisture  Conditions 

3  Relative  Density  of  Coarse-Grained  Soil 

4  Consistency  of  Fine-Grained  Soil 

5  Field  Equipment  Checklist  for  Soil  Boring  Logging 


FIGURES 

1  Soil  Boring  Log,  Form  D1586 

2  Example  of  Completed  Log  Form 

3  Flow  Charts  for  Qassification  of  Fine-Grained  and  Coarse-Grained  Soils 

4  Sample  Labeling  Details 


O  VO  VO  N> 


Date:  January  1990 


STANDARD  PROCEDURES 
FOR  LOGGmG  OF 
SOIL  BORINGS 


INTRODUCTION 

The  purpose  of  this  document  is  to  assist  CH2M  HILL  staff  in  accurately  recording 
and  presenting  all  field  data  that  are  necessary  to  sufficiently  describe,  label,  and 
package  soil  samples  recovered  from  borings.  Adherence  to  a  standard  format  for 
recording  data  will  help  streamline  our  project  efforts  and  ensure  a  consistent 
presentation  of  subsurface  data. 

All  CH2M  HILL  staff  members  are  encouraged  to  present  their  suggestions  for 
clarification  or  improvements  to  these  procedures.  Please  submit  all  suggestions  or 
comments  in  writing  to  the  Discipline  Group  Directors  of  Geotechnical  Engineering 
or  Groundwater  Resources. 


POLICY 

These  soil  boring  procedures  must  be  used  for  all  CH2M  HILL  projects  in  which 
soil  boring  techniques  are  used  during  field  exploration.  These  procedures  establish 
the  minimum  kinds  of  information  that  must  be  recorded  in  the  field  to  adequately 
characterize  recovered  soil  samples. 

Because  each  of  our  projects  is  unique  and  because  job  requirements  can  vary 
widely,  the  minimum  standards  presented  may  need  to  be  supplemented  with  addi¬ 
tional  technical  descriptions  or  field  test  results.  However,  all  soil  boring  field  logs, 
regardless  of  special  project  circumstances,  must  include  information  addressed  in 
this  policy  document  to  achieve  minimum  acceptable  standards  required  by 
CH2M  HILL 

CH2M  HILL  Standard  Form  D1586,  the  Soil  Boring  Log  Form,  must  be  used  on  all 
CH2M  HILL  projects  for  field  logging  (see  Figure  1).  All  heading  information  must 
be  completely  filled  out  on  each  log  sheet,  and  all  technical  items  in  each  column 
must  be  addressed  in  the  field. 

The  boring  log  should  be  completed  in  the  field  according  to  the  instructions  that 
follow.  Forms  should  be  filled  out  neatly  and  completely.  Laboratory  testing,  if 
required,  should  be  initiated  immediately  after  completion  of  the  field  work.  Field 
classifications  of  samples  should  be  checked  against  the  laboratory  test  results,  and 
corrections  should  be  noted  in  red,  initialed,  and  dated  on  the  field  log. 
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INSTRUCTIONS  FOR  COMPLETING 
SOIL  BORING  LOG,  FORM  D1586 

Form  D1586  is  a  standard  CH2M  HILL  form  that  is  available  in  weatherproof 
paper  from  all  regional  form  distributors. 

Following  are  instructions  for  completing  the  log  forms  in  the  field.  See  Figure  2 
for  an  example  of  a  field  log  completed  according  to  the  instructions. 

Field  personnel  should  review  completed  logs  for  accuracy,  clarity,  and 
thoroughness  of  detail.  Samples  should  also  be  checked  to  see  that  information  is 
correctly  recorded  on  both  jar  lids  and  labels,  and  on  the  log  sheets. 

HEADING  INFORMATION 

Project  Number.  Use  standard  region  code,  contract  I.D.  (5-digit),  and  appropriate 
point  number. 

Boring  Number.  Enter  the  boring  number.  A  numbering  system  should  be  chosen 
that  does  not  conflict  with  information  recorded  for  previous  exploratory  work  done 
at  the  site.  Number  the  sheets  consecutively  for  each  boring.  If  rock  core  log 
sheets  are  also  used,  continue  the  consecutive  numbering. 

Project-  Fill  in  the  name  of  the  project  or  client. 

Location.  If  stationing,  coordinates,  mileposts,  or  similar  project  layout  information 
is  available,  indicate  the  position  of  the  boring  to  that  system  using  modifiers  such 
as  approximate  or  estimated  as  appropriate.  If  this  information  is  not  available, 
identify  the  client  facility  (e.g.,  Richland  STP,  center  of  Qarifier  No.  2  site),  or  the 
town  and  state. 

Elevation.  Enter  the  elevation.  If  it  is  estimated  from  a  topographic  map,  or  if  it  is 
roughly  determined  using  a  hand  level,  use  the  modifier  approximate.  It  is 
important  to  tie  the  boring  elevation  to  a  recoverable  reference  point  (e.g.,  fire 
hydrant,  floor  slab)  if  no  other  elevation  data  are  available.  Such  points  can  be 
picked  up  later  in  a  site  survey  and  boring  elevations  can  be  determined.  Or,  if  no 
survey  is  done,  at  least  the  relative  boring  elevation  with  respect  to  pertinent  project 
facilities  will  be  known. 

Drilling  Contractor.  Enter  the  name  of  the  drilling  company  and  the  city  and  state 
where  the  company  is  based. 

Drilling  Method  and  Equipment  Identify  the  bit  size  and  type,  drilling  fluid  (if 
used),  and  method  of  drilling  (e.g.,  rotary,  hollow-stem  auger,  air  track). 
Information  on  the  drilling  equipment  (e.g.,  CME  55,  Mobile  B61)  is  also  entered. 
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Water  Level  and  Date.  Enter  the  depth  below  ground  surface  to  the  static  water 
level  in  the  borehole.  Frequent  water  measurements  are  recommended.  The 
information  should  be  recorded  in  the  Comments  column.  If  free  water  is  not 
encountered  during  drilling,  or  cannot  be  detected  because  of  the  drilling  method, 
this  information  should  be  noted.  Generally,  water  levels  should  be  measured  each 
morning  before  resuming  drilling  and  at  the  completion  of  each  boring.  Record 
date  and  time  of  day  (for  tides,  river  stage)  of  each  water  level  measurement. 

Date  of  Start  and  Finish.  Enter  the  dates  the  boring  was  begun  and  completed. 
Time  of  day  may  be  added  if  several  borings  are  performed  on  the  same  day. 

Logger.  Enter  the  first  initial  and  full  last  name. 

TECHNICAL  DATA 

Depth  Below  Surface.  Use  a  depth  scale  that  is  appropriate  for  the  sample  spacing 
and  for  the  complexity  of  subsurface  conditions. 

Sample  Interval.  Draw  horizontal  lines  at  the  top  and  bottom  depth  of  each 
sample  interval.  These  lines  should  extend  to  the  soil  description  column.  For  a 
very  short  sample  interval,  the  bottom  line  can  be  lowered  after  the  interval  column 
to  provide  room  for  writing  the  information  (see  Figure  2).  Enter  the  depth  at  the 
top  and  bottom  of  the  sample  interval. 

Sample  Type  and  Number.  Enter  the  sample  type  and  number.  For  instance,  1-S 
=  first  sample,  split  spoon.  Number  samples  consecutively  regardless  of  type. 
Enter  a  sample  number  even  if  no  material  was  recovered  in  the  sampler. 

Sample  Recovery.  Enter  the  length  to  the  nearest  0.1  foot  of  soil  sample  recovered 
from  the  sampler.  Often,  there  will  be  some  wash  or  caved  material  above  the 
sample;  do  not  include  the  wash  material  in  the  measurement. 

Standard  Penetration  Test  Results.  In  this  column  enter  the  number  of  blows 
required  for  each  6  inches  of  sampler  penetration  and  the  "N"  value,  which  is  the 
sum  of  the  blows  in  the  last  two  6-inch  penetration  intervals.  A  typical  standard 
penetration  test  involving  successive  blow  counts  of  2,  3,  and  4  is  recorded  as  2-3-4 
and  (7).  The  standard  penetration  test  is  terminated  if  the  sampler  encounters  re¬ 
fusal.  Refusal  is  a  penetration  of  more  than  6  inches  but  less  than  12  inches  with  a 
blow  count  of  100,  or  a  penetration  of  less  than  6  inches  with  a  blow  count  of  50. 
A  partial  penetration  of  50  blows  for  4  inches  is  recorded  as  50/4".  See  the 
Statidard  Penetration  Test  Procedures  subsection  for  additional  discussion. 

Soil  Description.  The  soil  classification  should  follow  the  format  described  in  the 
Field  Classification  of  Soil  subsection. 

Comments.  Include  all  pertinent  observations  (changes  in  diilling  fluid  color,  rod 
drops,  drilling  chatter,  rod  bounce  as  in  driving  on  a  cobble,  damaged  Shelby  tubes. 
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and  equipment  malfunctions).  Also  note  if  casing  was  used,  the  sizes  and  depths 
installed,  and  if  drilling  fluid  was  added  or  changed.  You  should  instruct  the  driller 
to  alert  you  to  any  significant  changes  in  drilling  (changes  in  material,  occurrence  of 
boulders,  and  loss  of  drilling  fluid).  Such  information  should  be  attributed  to  the 
driller  and  recorded  in  this  column. 

Specific  information  might  include  the  following; 

•  The  date  and  the  time  drilling  began  and  ended  each  day 

•  The  depth  and  size  of  casing  and  the  method  of  installation 

•  The  date,  time,  and  depth  of  water  level  measurements 

•  Depth  of  rod  chatter 

•  Depth  and  percentage  of  drilling  fluid  loss 

•  Depth  of  hole  caving  or  heaving 

•  Depth  of  change  in  material 

•  Drilling  interval  through  a  boulder 

•  The  results  of  pocket  penetrometer  or  torvane  test  reported  as: 

"PP  = _ TSF'  or  "TV  = _ ^TSF,"  respectively 

The  depth  of  piezometers  and  the  results  of  in  situ  tests  should  be  noted  in  the 
Comments  column. 


FIELD  CLASSIFICATION  OF  SOIL 

This  section  presents  the  format  for  the  field  classification  of  soil.  In  general,  the 
approach  and  format  for  classifying  soils  should  conform  to  ASTM  D  2488-84. 
Visual-Manual  Procedure  for  Description  and  Identification  of  Soils,  which  is 
included  in  the  Appendix  to  this  document. 

The  Unified  Soil  Qassification  System  is  based  on  numerical  values  of  certain  soil 
properties  that  are  measured  by  laboratory  tests  (ASTM  D  2487).  It  is  pv^ssible, 
however,  to  estimate  these  values  in  the  field  with  reasonable  accuracy  using  visual- 
manual  procedures  (ASTM  D  2488).  Also,  some  elements  of  a  complete  soil 
description,  such  as  the  presence  of  cobbles  or  boulders,  changes  in  strata,  and  the 
relative  proportions  of  soil  types  in  a  bedded  deposit,  can  be  obtained  only  in  the 
field.  Corrections  and  additions  to  the  field  classification  can  be  provided,  when 
necessary,  by  laboratory  testing  of  the  soil  samples. 
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Soil  descriptions  should  be  precise  and  comprehensive  without  being  verbose.  The 
correct  overall  impression  of  the  soil  should  not  be  distorted  by  excessive  emphasis 
on  insignificant  details.  In  general,  similarities  between  consecutive  samples  should 
be  stressed  rather  than  differences. 

Soil  descriptions  must  be  recorded  in  the  Soil  Description  column  for  every  soil 
sample  collected.  The  format  and  order  for  soil  descriptions  should  be  as  follows: 

1.  Soil  name  (synonymous  with  ASTM  D  2488-84  Group  Name)  with 
appropriate  modifiers 

2.  Group  symbol 

3.  Color 

4.  Moisture  content 

5.  Relative  density  or  consistency 

6.  Soil  structure,  mineralogy,  or  other  descriptors 

This  order  follows,  in  general,  the  format  described  in  ASTM  D  2488-84.  Examples 
of  soil  descriptions  are  provided  in  Table  1. 

SOIL  NAME 

The  basic  name  of  a  soil  should  be  identical  to  the  ASTM  D  2488-84  Group  Name 
based  on  visual  estimates  of  gradation  and  plasticity.  The  soil  name  should  be 
capitalized.  The  only  acceptable  soil  names  are  those  listed  in  Figure  3,  which  are 
from  ASTM  D  2488-84. 

Examples  of  acceptable  soil  names  are  illustrated  by  the  following  descriptions: 

A  soil  sample  is  visually  estimated  to  contain  15  percent  gravel,  55  percent 
sand,  30  percent  fines  (passing  No.  200  sieve).  The  fines  are  estimated  as 
either  low  or  highly  plastic  silt.  This  visual  classification  is  SILTY  SAND 
WITH  GRAVEL,  with  a  Group  Symbol  of  (SM). 

Another  soil  sample  has  the  following  visual  estimate:  10  percent  gravel,  30 
percent  sar  1,  and  60  percent  fines  (passing  the  No.  200  sieve).  The  fines  are 
estimated  as  low  plastic  silt.  This  visual  classification  is  SANDY  SILT.  The 
gravel  portion  is  not  included  in  the  soil  name  because  the  gravel  portion 
was  estimated  as  less  than  15  percent.  The  Group  Symbol  is  (ML). 

The  gradation  of  coarse-grained  soil  (more  than  50  percent  retained  on  No.  200 
sieve)  is  included  in  the  specific  soil  name  in  accordance  with  ASTM  D  2488-84. 
There  is  no  need  to  further  document  the  gradation.  However,  the  maximum  size 
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and  angularity  or  roundedness  of  gravel  and  sand-sized  particles  should  be 
recorded.  For  fine-grained  soil  (50  percent  or  more  passing  the  No.  200  sieve),  the 
name  is  modified  by  the  appropriate  plasticity/elasticity  term  in  accordance  with 
ASTM  D  2488-84. 

Interlayered  soil  should  each  be  described  starting  with  the  predominant  type.  An 
introductory  name,  such  as  Interlayered  Sand  and  Silt,  should  be  used.  Also,  the 
relative  proportion  of  each  soil  type  should  be  indicated  (see  Table  1  for  example). 

Where  helpful,  the  evaluation  of  plasticity/elasticity  can  be  justified  by  describing 
results  from  any  of  the  visual-manual  procedures  for  identifying  fine-grained  soils, 
such  as  reaction  to  shaking,  toughness  of  a  soil  thread,  or  dry  strength  as  described 
in  ASTM  D  2488-84. 

GROUP  SYMBOL 

The  appropriate  group  symbol  from  ASTM  D  2488-84  (see  Figure  3)  must  be  given 
after  each  soil  name.  The  group  symbol  should  be  placed  in  parentheses  to  indicate 
that  the  classification  has  been  estimated. 

In  accordance  with  ASTM  D  2488-84,  dual  symbols  (e.g.,  GP-GM  or  SW-SC)  can 
be  used  to  indicate  that  a  soil  is  estimated  to  have  about  10  percent  fines. 
Borderline  symbols  (e.g.,  GM/SM  or  SW/SP)  can  be  used  to  indicate  that  a  soil 
sample  has  been  identified  as  having  properties  that  do  not  distinctly  place  the  soil 
into  a  specific  group.  Generally,  the  group  name  assigned  to  a  soil  with  a 
borderline  symbol  should  be  the  group  name  for  the  first  symbol.  The  use  of  a 
borderline  symbol  should  not  be  used  indiscriminately.  Every  effort  should  be  made 
to  first  place  the  soil  into  a  single  group. 

COLOR 

The  basic  color  of  a  soil,  such  as  brown,  gray,  or  red,  must  be  given.  The  color 
terra  can  be  modified,  if  necessary,  by  adjectives  such  as  light,  dark,  or  mottled. 
Especially  note  staining,  iron  staining,  or  mottling.  This  information  may  be  useful 
to  establish  water  table  fluctuations  or  contamination.  As  an  alternative,  consider 
using  the  Munsel  rock  color  chart  designation. 

MOISTURE  CONTENT 

The  degree  of  moisture  present  in  a  soil  sample  should  be  defined  as  dry,  moist,  or 
wet.  Moisture  content  can  be  estimated  from  the  criteria  listed  on  Table  2. 

RELATIVE  DENSITY  OR  CONSISTENCY 

Relative  density  of  a  coarse-grained  (cohesionless)  soil  is  based  on  N-values  (ASTM 
D  1586-84).  If  the  presence  of  large  gravel  or  disturbance  of  the  sample  makes 
determination  of  the  in  situ  relative  density  or  consistency  difficult,  then  this  item 
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should  be  left  out  of  the  description  and  explained  in  the  Comments  column  of  the 
soil  boring  log. 

Consistency  of  fine-grained  (cohesive)  soil  is  properly  based  on  results  of  pocket 
penetrometer  or  torvane  results.  In  the  absence  of  this  information,  consistency  can 
be  estimated  from  N-values.  Relationships  for  determining  relative  density  or 
consistency  of  soil  samples  are  given  in  Tables  3  and  4. 

SOIL  STRUCTURE,  MINERALOGY,  AND  OTHER  DESCRIPTORS 

Discontinuities  and  inclusions  are  important  and  should  be  described.  Such  features 
include  joints  or  fissures,  slickensides,  bedding  or  laminations,  veins,  root  holes,  and 
wood  debris. 

Significant  mineralogical  information  should  be  noted.  Cementation,  abundant 
mica,  or  unusual  mineralogy  should  be  described,  as  well  as  other  information  such 
as  organic  debris  or  odor. 

Other  descriptors  can  be  included  if  important  for  the  project  or  for  describing  the 
sample.  These  include  particle  size,  range  and  percentages,  particular  angularity, 
particle  shape,  maximum  particle  size,  hardness  of  large  particles,  plasticity  of  fines, 
dry  strength,  dilatancy,  toughness,  reaction  to  HCl,  and  cementation. 

Residual  soils  have  characteristics  of  both  rock  and  soil  and  can  be  difficult  to 
classify.  Relict  rock  structure  should  be  described  and  the  parent  rock  identified  if 
possible. 


STANDARD  PENETRATION  TEST  PROCEDURES 

Standard  Penetration  Tests  (SPT)  are  conducted  to  obtain  a  measure  of  the 
resistance  of  the  soil  to  penetration  of  the  sampler  and  to  recover  a  disturbed  soil 
sample.  Standard  Penetration  Tests  should  be  conducted  in  accordance  with  ASTM 
D  1586-84,  Penetration  Test  and  Split  Barrel  Sampling  of  Soils. 

EQUIPMENT  AND  CALIBRATION 

Before  starting  the  testing,  the  necessary  equipment  should  be  inspected  for 
compliance  with  the  requirements  of  ASTM  D  1586-84.  The  split-barrel  sampler 
should  measure  2-inch  O.D.,  with  l-3/8-ii.x;h  I.D.,  and  should  have  a  split  tube  at 
least  18  inches  long.  The  dimensions  should  conform  with  those  indicated  on 
Figure  1  of  ASTM  D  1586-84.  The  minimum  size  sampler  rod  allowed  is  "A"  rod 
(1-5/8-inch  O.D.).  A  stiffer  rod,  such  as  "N”  rod  (2-5/8-inch  O.D.),  is  required  for 
depths  greater  than  50  feet.  The  drive  weight  assembly  should  consist  of  a  140- 
pound  hammer  weight,  a  drive  head,  and  a  hammer  guide  that  permits  a  free  fall  of 
30  inches. 


7 


PROCEDURES 


Standard  Penetration  Tests  should  be  conducted  at  every  change  of  strata  or,  within 
a  continuous  stratum,  at  intervals  not  exceeding  5  feet.  Before  driving  the  split- 
barrel  sampler,  all  loose  and  foreign  material  should  be  removed  from  the  bottom 
of  the  borehole.  It  may  be  helpful  to  measure  the  rod  stickup  to  ensure  that  the 
sampler  is  being  driven  from  the  bottom  of  the  borehole.  The  Standard  Pene¬ 
tration  Test  should  be  performed  by  driving  a  standard  split-barrel  sampler  18 
inches  into  undisturbed  soil  at  the  bottom  of  the  borehole  by  a  140-pound  g;iided 
hammer  or  ram,  falling  freely  from  a  height  of  30  inches. 

The  number  of  blows  required  to  drive  the  sampler  for  three  6-inch  intervals,  for  a 
total  of  18  inches,  should  be  observed  and  recorded  on  the  soil  boring  log.  The 
sum  of  the  number  of  blows  required  to  drive  the  sampler  the  second  and  third  6- 
inch  intervals  is  considered  the  Standard  Penetration  Resistance  (N)  or  the  blow- 
cowit.  If  the  sampler  is  driven  less  than  18  inches,  but  more  than  1  foot,  the  pene¬ 
tration  resistance  (N)  is  that  for  the  last  1  foot  of  penetration.  If  less  than  1  foot  is 
penetrated,  the  log  must  state  the  number  of  blows  and  the  fraction  of  1  foot 
penetrated.  It  is  important  that  the  field  logger  observe  the  sampler  being  driven 
and  count  the  blows  for  each  sample  attempt, 

GENERAL  CONSIDERATIONS 

The  following  comments  and  suggestions  should  be  considered  when  performing 
Standard  Penetration  Testing: 

1.  The  borehole  should  be  cleaned  out  before  every  sample  attempt.  Because 
a  minor  amount  of  caving  can  be  expected,  the  borehole  can  be  considered 
to  be  adequately  cleaned  if  no  more  than  4  inches  of  loose  or  foreign 
material  has  collected  at  the  bottom  of  the  borehole.  A  greater  amount  of 
caving  is  sufficient  cause  to  require  the  hole  to  be  cleaned  again. 

2.  The  ball  check  valve  in  the  split-barrel  sampler  should  be  cleaned  and 
working  properly  for  each  sample.  Bent,  chipped,  or  damaged  shoes  should 
be  replaced.  The  split-barrel  halves  should  not  be  warped.  In  case  of  zero 
sample  recovery  (i.e.,  if  the  sample  is  lost  during  first  attempt),  a  spring 
catcher  should  be  used  during  subsequent  attempts  to  facilitate  recovery. 

3.  During  SPT  sampling,  it  is  important  that  all  rod  connections  be  tight  and 
that  the  hammer  guide  be  connected  securely  to  the  drill  rods.  If  the 
hammer  guide  connection  becomes  loose,  much  of  the  hammer  energy  may 
be  lost  because  of  deflection  of  the  hammer  coupling.  The  lifting  rope 
should  not  rub  against  the  mast.  Each  hammer  fall  should  be  30  inches. 

4.  During  SPT  sampling,  it  is  important  that  the  drill  rods  be  positioned  at  the 
center  of  the  drill  hole.  This  is  necessary  to  preclude  the  development  of 
friction  between  drill  rods  and  the  walls  of  the  borehole  or  casing. 


8 


5.  If  the  hammer  weight  is  raised  by  means  of  a  cathead,  generally  two  wraps 
on  the  cathead  should  be  used.  The  optimum  number  of  wraps  will  vary 
with  the  condition  of  the  rope  and  cathead  and  the  weather.  Most  impor¬ 
tantly,  the  driller  should  exercise  care  to  prevent  friction  of  the  rope  on  the 
cathead  during  the  fall  of  the  hammer. 

6.  Occasionally,  nonstandard  procedures  or  equipment  are  used  for  obtaining 
samples  (such  as  3-inch  O.D.  split-barrel  samplers,  or  300-pound  hammers). 
Any  nonstandard  practice  should  be  described  on  the  boring  log  form.  Also, 
the  blow  counts  should  be  clearly  marked  as  not  conforming  to  SPT  values. 


SAMPLE  LABELING  AND  PACKAGING 

The  samples  recovered  from  the  borehole  are  an  important  part  of  the  boring 
record  and  must  be  property  packaged  and  labeled.  Samples  that  are  improperly  or 
inadequately  labeled  are  not  useful.  The  following  description  outlines  the 
minimum  requirements  for  packaging  and  labeling  of  samples. 

Disturbed  samples  should  be  placed  in  jars  that  are  marked  both  on  the  jar  lid  and 
on  a  label  on  the  side  of  the  jar.  Standard  CH2M  HILL  jar  labels  are  available 
(Form  No.  131,  Soil  Sample  Labels)  for  this  purpose.  The  following  information 
should  be  clearly  marked  on  the  jars:  job  number,  boring  number,  sample  number, 
sample  depth,  blow  counts,  sample  recovery,  and  date.  Use  an  indelible  marker  or 
a  metal  srriber  on  the  jar  lid.  If  moisture  content  tests  are  anticipated,  jar  samples 
should  be  tightly  sealed,  then  sent  to  the  laboratory  and  the  testing  initiated  as  soon 
as  possible  (within  one  week).  See  Figure  4  for  labeling  details. 

Boxes  containing  the  jars  should  be  labeled  on  top  and  on  one  end  with  the 
following  information:  job  name,  job  number,  boring  number,  sample  numbers  and 
sample  depths,  date,  and  name.  It  is  helpful  to  start  a  new  box  for  each  new  boring 
if  the  boxes  are  at  least  one-half  full. 

Shelby  tubes  should  be  cleaned  of  mud  and  moisture.  When  dry,  use  an  indelible 
marker  to  label  them  with  the  following  information:  an  arrow  indicating  which  way 
is  up,  job  number,  boring  number,  sample  number  and  depth,  amount  of  recovery, 
and  date.  The  top  and  bottom  of  the  sample  can  be  circumscribed  on  the  outside 
of  the  tube  with  a  marker. 

Waxing  of  Shelby  tubes  is  essential  if  sample  testing  will  not  occur  within  a  few 
days.  In  all  cases,  lids  should  be  placed  on  the  ends  and  taped  with  airtight  tape. 
Make  certain  that  the  holes  in  the  top  of  the  tube  are  sealed.  The  open  portion  of 
the  tube  above  the  sample  should  be  packed  to  prevent  shifting  of  the  soil. 
Dampened  newspaper  is  generally  adequate  for  this  purpose,  but  it  should  be 
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separated  from  the  soil  sample  by  a  wax  seal  or  an  inverted  cap.  See  Figure  4  for 
labeling  and  packing  (  Is. 


FIELD  EQUIPMENT  CHECKLIST 

Table  5  lists  equipment  and  supplies  that  are  necessary  or  useful  for  soil  boring 
exploration. 
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Tables 


Table  1 

EXAMPLE  SOIL  DESCRIPTIONS 


POORLY  GRADED  SAND  (SP),  light  brown,  moist,  loose,  fine  sand  size 
FAT  CLAY  (CH),  dark  gray,  moist,  stiff 

SILT  (ML),  light  greenish  gray,  wet,  very  loose,  some  mica,  lacustrine 

WELL-GRADED  SAND  WITH  GRAVEL  (SM),  reddish  brown,  moist,  dense,  subangular  gravel 
to  0.6  inches  max 

POORLY  GRADED  SAND  WITH  SILT  (SP-SM),  white,  wet,  medium  dense 

ORGANIC  SOIL  WITH  SAND  (OH),  dark  brown  to  black,  wet,  firm  to  stiff  but  spongy 
undisturbed,  becomes  soft  and  sticky  when  remolded,  many  fine  roots,  trace  of  mica 

SILTY  GRAVEL  WITH  SAND  (GM),  brownish  red,  moist,  very  dense,  subrounded  gravel  to 
1.2  inches  max 

INTERLAYERED  SILT  (60  percent)  AND  CLAY  (40  percent):  SILT  WITH  SAND  (ML), 
medium  greenish  gray,  nonplastic,  sudden  reaction  to  shaking,  layers  mostly  1.5  to  8.3  inches  thick; 

LEAN  CLAY  (CL),  dark  gray,  firm  and  brittle  undisturbed,  becomes  very  soft  and  sticky  when 
remolded,  layers  0.2  to  1.2  inches  thick 

SILTY  SAND  WITH  GRAVEL  (SM),  light  yellowish  brown,  moist,  medium  dense,  weak  gravel  to 
1.0  inches  max,  very  few  small  particles  of  coal,  fill 

SANDY  ELASTIC  SILT  (MH),  very  light  gray  to  white,  wet.  stiff,  weak  calcareous  cementation 
LEAN  CLAY  WITH  SAND  (CL/MH),  dark  brownish  gray,  moist,  stiff 

WELL-GRADED  GRAVEL  WITH  SILT  (GW-GM),  brown,  moist,  very  dense,  rounded  gravel  to 
1.0  inches  max 
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Table  2 

CRTTERU  FOR  DESCRIBING  MOISTURE  CONDITION 

Description 

Criteria 

Dry 

Absence  of  moisture,  dusty,  dry  to  the  touch 

Moist 

Damp,  but  no  visible  water 

Wet 

Visible  free  water,  usually  soil  is  below  water  table 

Table  3 

RELATIVE  DENSITY  OF  COARSE-GRAINED  SOIL 
(Developed  from  Sowers,  1979) 


Blows/Ft 

Relative 

Density 

Field  Test 

0-4 

Very  loose 

Easily  penetrated  with  1/2-in.  steel  rod  pushed  by  hand 

5-10 

Loose 

Easily  penetrated  with  1/2-iiL  steel  rod  pushed  by  hand 

11-30 

Medium 

Easily  penetrated  with  1/2-in.  steel  rod  driven  with  5-lb  hammer 

31-50 

Dense 

Penetrated  a  foot  with  1/2-in.  steel  rod  driven  with  5-lb  hammer 

50 

Very  Dense 

Penetrated  only  a  few  inches  with  1/2-in.  steel  rod  driven  with  5-lb 
hammer 

Table  4 

CONSISTENCY  OF  FINE-GRAINED  SOIL 
(Developed  from  Sowers,  1979) 


Blows/Ft 

Consistency 

Pocket 

Penetrometer 

(TSF) 

Torvane 

(TSF) 

Field  Test 

<2 

Very  soft 

<0.25 

<0.12 

Easily  penetrated  several  inches  by 
fist 

2-4 

Soft 

0.25-OJO 

<0.12-0.25 

Easily  penetrated  several  inches  by 
thumb 

5-8 

Firm 

0.50-1.0 

0.25-0.5 

Can  be  penetrated  several  inches 
by  thumb  with  moderate  effort 

9-15 

Stiff 

1.0-2.0 

0.5- 1.0 

Readily  indented  by  thumb,  but 
penetrated  only  with  great  effort 

16-30 

Very  stiff 

2.0-4.0 

1.0-2.0 

Readily  indented  by  thumbnail 

30 

Hard 

>4.0 

>Z0 

Indented  with  difficulty  by 
thumbnail 

Table  5 

FIELD  EQUIPMENT  CHECKLIST  FOR  SOIL  BORING  LOGGING 


Siting 


_ Lath,  flagging,  and  orange  spray  paint 

_ Lumber  crayon 

_ 100-foot  tape 

_ Brunton  or  Silva  compass 

Logging  Equipment 

_ Soil  Boring  Guideline 

_ ^Gipboard 

_ Form  D1586  on  all-weather  paper 

_ Pens/pencils 

_ Engineer’s  pocket  tape  measure  with  tape  lock 

Held  notebook  on  all-weather  paper 

_ ^Squirt  bottle  with  water 

_ ^Spatula 

_ HCL.  10  percent  solution 

Sampling  and  Packaging 

_ ^Jars  with  lids  and  labels  (Form  #131) 

_ ^Shelby  tubes  and  plastic  end  caps 

_ ^Airti^t  tape  (e.g.,  electrical) 

_ Newspaper 

_ Wax,  stove,  melting  pot,  and  matches 

_ Indelible  fine  felt-tipped  markers  (e.g..  Sharpie 

brand) 


Test  Equipment 

_ Pocket  penetrometer 

Torvane 
Well  sounder 


Other 

Camera,  film 

_ Hand  lens 

_ Rags 

_ Ear  protectors 

Screwdrivers 

_ Hard  hat 

_ ^Sunscreen 

_ Insect  repellent 
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PROJECT  NUMBER 


PROJECT  MDf/^rrf 
ELEVATION 

DRILUNG  METHOD  AND  EQUIPMENT 
WATER  LEVELS  ^  P-  / 


DRILUNG  CONTRACTOR 


START/ 


BORING  NUMBER 


SOIL  BORING  LOG 


LOCATION 


SHEET 


SAMPLE 


<  CO-  tu 

>  UJ>  > 

ec  o 

w  ’  2q  o-r 

%  \  Dz  Uif- 

2  1  z<  crt 


STANDARD 

PENETRATION 

TEST 

RESULTS 


SOIL  DESCRIPTION 


SOIL  NAME,  uses  GROUP  SYMBOL.  COLOR, 
MOISTURE  CONTENT.  REUTIVE  DENSITY 
OR  CONSISTENCY.  SOIL  STRUCTURE. 
MINERALOGY 


COMMENTS 


DEPTH  OF  CASING.  DRILLING  RATE 
DRILLING  FLUID  LOSS, 

TESTS  AND  INSTRUMENTATION 


I 


/'-5  f.e  I  (y) 


3.0 


-S  opiy^/fz''-/ 


fO.O 


I  (4) 


,  SmiSriD  Z-S 


(ty 


n  ^  ^//J  \3/0YGRAYG(^  .  (OM),  txpunded 
qr^^upiosli^  f  'nchrmximjr 
ObeervtfcTs/zej  *cry  dense 


FLOW  CHART  FOR  IDENTIFYING  INORGANIC  FINE-GRAINED  SOIL  (50%  OR 

^  <30%  plu>  No.  200  —  <15%  pkit  No.  200 - 

*•  15-25%  plu>  No.  200  - ►  %  und  >%  araMi - 


>30%  p4u>  No.  200- 


<30%  plui  No.  200  ■ 


>30%  plus  No.  200  • 


<30%  pluf  No.  200  ' 


>30%  plut  No.  200- 


•  %  und  >%  of  jraval  - 
“  %  und  <%  prnal 


•  <15%  plut  No.  200  — 
'  15-25%  plut  No.  200- 

-  %  und  >%  of  ira«*l  • 

■  %  und  <%  gravaf— ^ 


■<15%  phif  No.  200— 
•  15-25%  pUit  No.  200- 

>  %  und  >%  of 

‘  %  und  <%  graval  — • 


»  %  und  ^%  graval  • 
-  %  und  <%  graval ' 

•  <15%  gratal  ■  — 
‘  ^15%  graml  ' 

•  <15%  und  ' 

‘^15%  und - 


■  %  und  ^%  graval  - 

-  %  und  <%  graaal  - 
•  <15%  graaal - 

■  >15%  graaal - 

>  <15%  und - 

■  ^15%  und  — 


-%  uttd  >%  graaal  - 
-%  und  <%  graaal  - 
»<15%  graaal  — - 

•  >15%  graaal - 

-<15%  und - 

>■^15%  und - 


iviUHi:  rirgtfti 

Laan  clay 

Laan  t;lay  with  ur>d 
Laan  clay  with  graaal 
Sandy  laan  clay 
Sandy  laan  clay  with  graaal 
Graaally  laan  clay 
'*■  Graaally  laan  clay  with  und 

-la-Silt 

-»•  Silt  with  und 
Silt  with  graaal 
-^Sartdy  tilt 

Sartdy  tilt  with  graaal 
Graaally  tilt 
Graaally  ult  with  und 

-•■Fat  day 
-^Fat  clay  with  und 
Fat  clay  with  graaal 
Sandy  lat  clay 
Sandy  fat  clay  with  graaal 
Graaally  fat  clay 
Graaally  fat  day  with  und 


<30%  plut  No.  200 


>30%  plut  No.  200  - 


■  <15%  phit  No.  200  — 

■  15-25%  plut  No.  200- 

,  %  uitd  ^%  of  graaal  - 

■  %  und  <%  graaal 


-  %  und  ^%  graaal  - 
■  %  und  <%  graaal  - 

•  <  15%  graaal 

-^15%  graaal - 

•  <15%  und 

-^15%  und - 


•  Elaitic  tilt 

-  Elaitic  tilt  with  und 
■  Elaitic  lilt  with  graaal 
'Sandy  alaitic  ult 

•  Sandy  alaitic  tilt  with  graaal 
>  Graaallv  alaitic  lilt 

•  Graaally  alaitic  tilt  with  land 
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>30%  plut  No.  200  • 


■  <15%  pkit  No.  200 — 
'  15-25%  phu  No.  200- 

>  %  und  2%  graaal  -wwb 

*%  land  <%  graaal -wwe 


■  %  und  ^%  graaal- 
-  %  und  <%  graaal 

•  <15%  graaal  — — 

-^is%r*«<<  - 

•  <15%  und  -  — ' 

-^15%  und - 


’  Organic  loii 

■  Organic  toil  with  und 

■  Organic  toil  with  graaal 

■  Sandy  organic  toil 

’  Sandy  organic  toil  with  graaal 

■  Craaally  orgarue  toil 

’  Craaally  organic  toil  with  und 


FLOW  CHART  FOR  IDENTIFYING  COARSE-GRAINED  SOILS  (LESS  THAN  50%  FINESI 
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Designation:  D  2488  -  84*^ 


Standard  Practice  for 

Description  and  Identification  of  Soils  (Visual-Manual 
Procedure)'* 


This  sundaid  is  issued  under  the  fixed  desiCMiioa  D  24S8:  the  number  immediately  foDowmi  the  desifnation  indicates  the  year  of 
originai  adoption  or,  in  the  case  of  nevisioa.  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  leappruval.  A 
superscript  epsilon  (<)  indicates  an  editorin’  /'ante  since  the  last  revision  or  rcapproval. 


*'  Non— SecdoD  IS  was  added  editorially  in  January  1989. 


1.  Scope 

1.1  This  practice  covers  procedures  for  the  description  of 
soils  for  enpneering  purposes. 

1 .2  This  practice  also  describes  a  procedure  for  identifying 
soils,  at  the  option  of  the  user,  baUd  on  the  classificabon 
system  described  in  Test  Method  D  2487.  The  identification 
is  based  on  visual  examination  and  manual  tests.  It  must  be 
clearly  stated  in  reporting  an  identification  that  it  is  based  on 
visual-manual  procedures. 

1.2.1  When  precise  classification  of  soils  for  engineering 
purposes  is  required,  the  procedures  prescribed  in  Test 
Method  D  2487  shall  be  used 

1.2.2  In  this  practice,  the  identification  portion  assigning 
a  group  symbol  and  name  is  limited  to  soil  particles  smaller 
than  3  in.  (75  mm). 

1.2.3  The  identification  portion  of  this  practice  is  limited 
to  naturally  occurring  soils. 

Note  1— This  ptaetkt  may  be  used  as  a  descriptive  system  applied 
to  such  materiab  as  shale,  claystone.  shells,  crushed  rock,  etc.  (See 
Appendix  X2). 

1.3  The  descriptive  information  in  this  practice  may  be 
used  with  other  soil  classification  systems  or  for  materials 
other  than  naturally  occurring  soils. 

1 .4  This  standard  may  involve  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  safely  problems  associated  with  its  use.  It  is 
the  responsibility  of  whoever  uses  this  standard  to  consult  and 
establish  appropriate  safety  and  health  practices  and  deter¬ 
mine  the  applicability  of  regulatory  limitations  prior  to  use. 
For  specific  precautionary  sutements  see  Section  8. 

1.5  The  values  stated  in  inch-pound  units  are  to  be 
regarded  as  the  standard. 

2.  Referenced  Documents 

2.1  ASThi  Standards: 

D653  Terminology  Relating  to  Soil,  Rock,  and  Contained 
Fluids^ 

D 1452  Piaaice  for  Soil  Investigation  and  Sampling  by 
Auger  Borings^ 


'  This  pticiicc  is  under  the  juriidicuon  of  ASTM  Comminee  0-18  on  Soil  and 
Rock  and  it  the  dtreci  responsibility  of  Subcommittee  DI8.07  on  Identificwon 
and  Claanficitian  of  Soils. 

Cuirem  edition  approved  Oct.  3,  1984.  Published  December  1984.  Oripnally 
published  at  O  2488  -  66  T.  Last  previous  edition  D  2488  -  69  (1975). 

7  Annual  Book  cy ASTM  Standard!.  Vol  04.08. 


D1S86  Method  for  Penetration  Test  and  Split-Barrel 
Sampling  of  Soils^ 

D 1587  Practice  for  Thin-Walled  Tube  Sampling  of  Soils^ 

D2113  Practice  for  [>iamond  Core  Drilling  for  Site 
Investigation^ 

D2487  Test  Method  for  Classification  of  Soils  for  Engi¬ 
neering  Purpose^ 

3.  Definitions 

3.1  Except  as  listed  below,  all  definitions  are  in  accord¬ 
ance  with  Terminology  D  653. 

Note  2 — For  panicles  retained  on  a  3-iD.  (7S-nim)  US  sundard 
sieve,  the  foUowint  definitions  aie  suggested: 

Cobbles — particles  of  rock  that  will  pass  a.  J  2-in.  (300-mm)  square 
opening  and  be  retained  on  a  3-in.  (7S-mm)  sieve,  and 

Boulders — particles  of  rock  that  will  not  pass  a  1 2-in.  (300-nim) 
square  opening. 

3.1. 1  clay— soil  passing  a  No.  200  (75-pm)  sieve  that  can 
be  made  to  exhibit  plasticity  (puny-like  properties)  within  a 
range  of  water  contents,  and  that  exhibits  considerable 
strength  when  air-dry.  For  classification,  a  clay  is  a  fine¬ 
grained  soil,  or  the  fine-grained  portion  of  a  soil,  with  a 
plasticity  index  equal  to  or  greater  than  4,  and  the  plot  of 
plasticity  index  versus  liquid  limit  falls  on  or  above  the  “A” 
line  (see  Fig,  3  of  Test  Method  D  2487). 

3.1.2  gravel — particles  of  rock  that  will  pass  a  3-in. 
(75-mm)  sieve  and  be  retained  on  a  No.  4  (4.75-mm)  sieve 
with  the  following  subdivisions; 

coarse — passes  a  3-in.  (75-mm)  sieve  and  is  retained  on  a 
Vi-in.  (l9-mm)  sieve. 

/ine — passes  a  ’A-in.  (19-mm)  sieve  and  is  reuined  on  a 
No.  4  (4.75-mm)  sieve. 

3. 1 .3  organic  clay — a  clay  with  sufficient  organic  content 
to  influence  the  soil  properties.  For  classification,  an  organic 
clay  is  a  soil  that  would  be  classified  as  a  clay,  except  that  its 
liquid  limit  value  after  oven  drying  is  less  than  75  %  of  its 
liquid  limit  value  before  oven  drying. 

3. 1 .4  organic  sill — a  silt  with  sufficient  organic  content  to 
influence  the  soil  properties.  For  classiftcation,  an  orpnic  silt 
is  a  soil  that  would  be  classified  as  a  silt  except  that  its  liquid 
limit  value  after  oven  drying  is  less  than  75  %  of  its  liquid 
limit  value  before  oven  drying. 

3. 1 .5  peat — a  soil  composed  primarily  of  vegetable  tissue 
in  various  stages  of  decomposition  usually  with  an  organic 
odor,  a  dark  brown  to  black  color,  a  spongy  coi.  istcncy,  and 
a  texture  ranging  from  fibrous  to  amorphous. 
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iGROUP  SYMBOL 


GROUP  NAME 


CL 


<30%  plin  No.  200  ' 


230%  Qhn  Ha.  2O0< 


ML 


<30%  »(in  No.  200  ' 


>30%piH«No.200< 


CH 


00%^No.200< 


>30%  »tut  N«.  200< 


MH 


<30%  p4ut  No.  200 


>30%  ptin  No.  200  • 


><1S%ptutNo.200- 
•  IS-29%  phM  N«.  200 

>  %  tpnd  ^%a<  (rMPl 


■  %  und  <%  t'MPl 


-»<1S%  plutMa.200- 
1%-2S%plutNo.200 


>  %  Mad  ^%P(  ptMal 


'  %  Mnd  <%  (rp 


'<tS%plu«Mo.  200- 
'1S-2S%P«imNo.20Q 

>%M«d  ^%pfffaMl' 

'  %  latid  <%trM«t 


'  <15%  plui  N«.  200  • 

'  15-25%  pluiMp.  200 


.  %tand  ^elrao^ 


'  %  tand  <%  praMl 


%  und  2%  ■ 

%  und  <%  ■mat  ■ 
<15%  (rtaal  — — 
^15%  (raaat  — 

<15%  land - 

^15%  (and - 


%  und  ^%  tmal  • 
%  und  <%  ■mat  • 
<15%  ff  aaat  - 
;^15%amal- 
<1S%u)^- 
^15%und- 


%und^%(taaai  ■ 
%  und  <%  (raanl  - 
<15%  runt  • 
^15%  arafat  ■ 
<15%  und  ' 

^15%  und  ■ 


%  und  ^%  iraaat  - 
%  und  <%  (raaal  ■ 

<1S%tr>«« - 

^15%  r*««*  ■ 

<15%  und- 
^15%  und . 


'  Laan  ciav 
'  Laan  ciav  with  und 
'  Laan  ciav  mttti  fraaai 
Sandy  iaan  dav 
'  Sandy  taan  clay  witfi  fraaal 
'  CfaaaNy  laan  ctay 
'  CraaaMy  laan  ciav  wirti  und 

>Sdl 

>Silt  arMi  und 
>Silt  aritti  ftaaal 
'Sandy  lilt 

'Sandy  nit  arttn  (mal 


V. 


'Cmallv  idt 

>  Cmady  lih  oidi  und 

'Fatday 

'fat  day  witfi  und 
'  fat  day  mtli  traaal 
'Sandy  fat  day 
'  Sandy  fat  day  witn  (mal 

>  CraaaHy  fat  day 

'  CraaaHy  fat  day  with  und 

'Eladiciilt 

>  Eladie  dN  nntfi  und 

>  Elaitic  lilt  uith  ■raaal 
'  Sandy  alaitic  idt 


■  Sandy  alaitic  nh  mnttt  ■raaal 

■  CraaaPy  alanic  lilt 

>  CraaaPy  alaitrc  idt  aaith  und 


Non— fueamagas  ara  basad  on  mwnaang  amounts  of  Anas.  sand,  and  gravd  to  ou  naarasi  S  %. 

FIO.  1p  Flow  Ctioft  (or  IdonOfyififl  btorganic  Fiiw<arppiod  SoN  (50  %  or  mora  finoa) 


3.1.6  Miu/— panicles  of  rock  that  will  pass  a  No.  4 
(4.75-mtn)  sieve  and  be  retained  on  a  No.  200  (73-(im)  sieve 
with  the  following  subdivisions: 

coarse— passes  a  No.  4  (4.7S-(nm)  sieve  and  is  maissd  on 
a  No.  10  (2.00-min)  sieve. 

medium — passes  a  No.  10  (2.(X)-nim)  sieve  and  is  retained 
on  a  No.  40  (425-tini)  sieve. 

fine — passes  a  No.  40  (42S-p(n)  sieve  and  is  retained  on  a 
No.  200  (75-pin)  sieve. 

3.1.7  sill — soil  passing  a  No.  200  (75-pm)  sieve  that  is 
nonplastic  or  very  slightly  plastic  and  that  exhibits  little  or  no 
strength  when  air  dry.  For  classification,  a  silt  is  a  flne- 
grained  soil,  or  the  fine-grained  portion  of  a  soil,  with  a 
plasticity  index  less  than  4,  or  the  plot  of  plasticity  index 
versus  liquid  limit  falls  below  the  '‘A"  line  (see  Fig.  3  of  Test 
Method  D  2487). 


4.  Summary  of  Practice 

4.1  Using  visual  examination  and  simple  manual  tests, 
this  praaice  gives  standardized  criteria  and  procedures  for 
describing  and  identifying  soils. 

4.2  The  soil  can  be  given  an  identification  by  assigning  a 
group  $ymbol(s)  and  name.  The  flow  chans.  Figs,  la  and  lb 
for  fine-grained  soils,  and  Fig.  2,  for  coarse-grained  soils,  can 
be  used  to  assign  the  appropriate  group  symbol(s)  and  name. 
If  the  soil  has  properties  which  do  not  distinctly  place  it  into 
a  specific  group,  borderline  symbols  may  be  used,  see 
Appendix  X3. 

Note  3— Ii  is  that  a  distioctioii  be  maOe  between  dm! 

symMs  and  bordtriine  symMs. 

Dual  Symbol— K  dual  symbol  is  two  symbols  sepanted  by  a  hyphen, 
for  eaampk,  CP-GM,  SiWJSC,  CL-ML  used  to  indicate  that  the  soil  has 
been  identified  as  havint  the  properties  of  a  dassilication  in  accordance 
with  Test  Method  0  2457  whete  two  symbols  aic  required.  Two 


GROUP  SYMBOL 


GROUP  NAME 


OL/OH 


<30%  Mm  N«  .  200  • 


'  <15%  MnN*.  200- 
15-25%  Mm  N*.  200- 


230%  pUi  N«.  200  < 


>  %  u»U2*5»»ul  -w 
‘%UlU  <%  ■!•«••■ 


’%uiU2%r< 

■  %  imU  <%  ■mW 
’  <15%  ■mil 
'  215%  ■>•*•1 
'  <15%  und 
‘2(*«u«d- 


Noit— narcwitagM  are  oas«d  on  Mtmatmg  wneunts  of  Ahm.  sand,  and  gmW  to  trw  nearest  S  %. 

FIQ.  1b  Flow  Chart  ter  Idamitying  Organic  Fina-Orainad  SoN  (SO  %  or  mora  (inaa) 
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^\%%  fl 


GROUP  NAME 


««tl» 

--  <'  ^rfv  yi#«<  fp— <* 

^  Hortv  friM  fraval  vrtli  mM 

■■  »  WaN-frMai  •»•*•!  wcMt  wli 
— ♦  WaN-frartari  «•*(*  •"* 

■'  »  IMlaM-fratfatf  fraaal  andi  dav 
“  — •  WaN-fra#a4  irafal  ciav  aMtf  mm# 
— ♦  fraM  fraaal  «•««>  tiM 

>IS%  MNrt  -  ^  ^oaaly  frartaf  fraaal  anf^  lilt  an«  tana 

<1S%  tan#  »  ^aarly  frartaf  fraaal  wm*  dav 

lana  "-  ^aarlv  fratfaf  fraaal  «tf«>  dar  anf  lanr 


SiHa  fraaal 
Srlty  fraaal  w*if»  Mna 
Oaray  fraad 
Oavay  fraaal  wm  MM 


fraad 


••di  df  aMf  fraaal 

tWaf-fraMt 
WPaM-fradaf  mn#  *«iIi  alay  anf  fraaal 
>aady  frafaf  «Mf  mM  aft 
Aavriy  frafaf  aanf  aNCH  wiv  araf  fraaal 
MiMd 

•ftH  day  aid  fraaa 


Oayav  tan*  anfH  fraaal 


NoTt— Pwoanugas  an  basad  on  wtimaang  anounta  ol  Unas.  aand.  and  grawai  to  Vw  naaraat  S  t. 

FKS.  2  Flow  Chart  for  Montifying  Coaraa^Srainod  SoiM  (lots  than  50  X  flnos) 


symbols  are  required  when  the  soil  has  between  5  and  12  %  fines  or 
when  the  liquid  limit  and  plasticity  index  values  plot  in  the  CL>ML  area 
of  the  plasticity  chan. 

Borderline  SymM—A  borderline  symbol  is  two  symbols  separated  . 
by  a  slash,  for  example.  CL/CH,  CM/SM,  CL/ML  A  terderline  symbol 
should  be  used  to  indicate  that  the  soil  has  been  identified  as  having 
properties  that  do  not  distinctly  place  the  soil  into  a  specific  group  (see 
Appendix  X3). 

5.  Significance  and  Use 

5.1  The  descriptive  information  required  in  this  practice 
can  be  used  to  describe  a  soil  to  aid  in  the  evaluation  of  its 
significant  properties  for  engineering  use. 

5.2  The  descriptive  information  required  in  this  practice 
should  be  used  to  supplement  the  classification  of  a  soil  as 
determined  by  Test  Method  D  2487. 

5.3  This  practice  may  be  used  in  identifying  soils  using  the 
classification  group  symbols  and  names  as  prescribed  in  Test 
Method  D  2487.  Since  the  names  and  symbols  used  in  this 
practice  to  identify  the  soils  are  the  same  as  those  used  in 
Test  Method  D  2487.  it  shall  be  clearly  stated  in  reports  and 
ail  other  appropriate  documents,  (hat  the  classification 
symbol  and  name  are  based  on  visual-manual  procedures. 

5.4  This  practice  is  to  be  used  not  only  for  identification 
of  soils  in  the  field,  but  also  in  the  office,  laboratory,  or 
wherever  soil  samples  are  inspected  and  described. 

5.5  This  practice  has  particular  value  in  grouping  similar 
soil  samples  so  that  only  a  minimum  number  of  laboratory 
tests  need  be  run  for  positive  soil  classification. 

NOTi  ^>-The  ability  to  describe  and  identify  toils  correctly  is  learned 
more  readily  under  the  guidance  of  experience  personnel,  but  it  may 


also  be  acquired  systematically  by  comparing  numerical  laboratory  test 
results  for  typical  soils  of  each  type  with  their  visual  and  manual 
chancterisiics. 

5.6  When  describing  and  identifying  soil  samples  from  a 
given  boring,  test  pit,  or  group  of  borings  or  pits,  it  is  not 
necessary  to  follow  all  of  the  procedures  in  this  practice  for 
every  sample.  Soils  which  appear  to  be  similar  can  be 
grouped  together  one  sample  completely  described  and 
identified  with  the  others  referred  to  as  similar  based  on 
performing  only  a  few  of  the  descriptive  and  identification 
procedures  described  in  this  practice. 

6.  Apparatiis 

6.1  Required  Apparatus: 

6.1.1  Pocket  Knife  or  Small  Spatula. 

6.2  Useful  Auxiliary  Apparatus: 

6.2.1  Small  Test  Tube  and  Stopper  (or  jar  with  a  lid). 

6.2.2  Small  Hand  Lens. 

7.  Reagents 

7.1  Purity  of  Water — Unless  otherwise  indicated,  refer¬ 
ences  to  water  shall  be  understood  to  mean  water  from  a  city 
water  supply  or  natural  source,  including  non-potable  water. 

7.2  H)^rochloric  Acid — A  small  bottle  of  dilute  hydro¬ 
chloric  acid,  HQ,  one  part  HCl  (10  N)  to  three  parts  water 
(This  reagent  is  optional  for  use  with  this  practice).  See 
Section  8. 

8.  S.'fety  Precautions 

8.1  When  preparing  the  dilute  HQ  solution  of  one  part 
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(c)  Sulmiiiidad  Ml  Sutaniulif 

FIQ.  3  Typical  Angutcfity  o(  Bulky  Graint 


concentrated  hydrochloric  acid  (lO  S)  to  three  pans  of 
distilled  water,  slowly  add  acid  into  water  following  necessary 
safety  precautions.  Handle  with  caution  and  store  safely.  If 
solution  comes  into  conuct  with  the  ..kin,  rinse  thoroughly 
with  water. 

8.2  Caution — Do  not  add  water  to  acid. 


9.  Sampling 

9. 1  The  sample  shall  be  considered  to  be  represenutive  of 
the  stratum  from  which  it  was  obuined  by  an  appropriate, 
accepted,  or  standard  procedure. 

Non  S— PieleraMy,  the  umplini  procedure  should  be  identiricd  as 
having  been  conducted  in  accordance  with  Practices  O  1432.  O  1387,  or 
D  21 13.  or  Method  O  1386. 

9.2  The  sample  shall  be  carefully  identified  as  to  origin. 

Non  6— Reniarta  as  to  the  origin  nuy  ukc  the  form  of  a  boring 
number  and  sample  number  in  conjunction  with  a  job  number,  a 
geologic  smium,  a  pedoiogk  horizon  or  a  location  description  with 
respect  to  a  permanent  monument,  a  grid  system  or  a  station  number 
and  otTset  with  respea  to  a  suted  cenieriine  and  a  depth  or  elevation. 

9.3  For  accurate  description  and  identification,  the  mitt* 
imum  amount  of  the  specimen  to  be  examined  shall  be  in 
accordance  with  the  following  schedule: 


TASLS  1  CfHaria  (or  Ooaeribing  Angwiafity  o(  Coorao-tSfOlnod 
Partleios  (aoo  Pig.  3) 


OtienpPen 

Cntana 

Angular 

ParvcMS  hava  snaip  adgat  and  raiativoiy  piana  sMas  wim 
wipoktnad  aurtaeaa 

Subanguar 

PvMM  vmiv  to  viguMr  dMcnmimi  but  ritvt 

OdQM 

Subroimdad 

ntvo  noaiiy  piano  pou  but  rwa  waMoiMob 
ootnofy  and  009^ 

Powiotd 

Parpoaa  nava  smoomiy  eurvad  sMaa  and  no  adgas 

Matimum  Panicle  Siic. 
Sieve  Opening 

a  ?S  mm  <.\o.  ai 
9  5  mm  (Vii  in.) 

19  0  mm  |V.  in.) 

31 )  mm  <)>/i  in.) 

73  0  mm  (3  in.) 


Minimum  Specimen  Size. 
Dr,  Weig)it 

100 1  (0  25  lb) 

200 1  (0  5  lb) 

I  0  kg  (2  2  lb) 

10  kg (II  lb) 
i00ka(I32  lb) 


Note  7— If  random  isolated  panicles  are  encountered  that  . 
significantly  larger  than  the  panicles  in  the  sod  matnx.  the  sod  mau... 
can  be  accurately  desenbed  and  identi/ied  in  accordance  with  the 
prccceding  schedule. 


9.4  If  the  field  sample  or  specimen  being  examined  is 
smaller  than  the  minimum  recommended  amount,  the 
report  shall  include  an  appropriate  remark. 


10.  Descriptive  Information  for  Soils 

10. 1  Angulariiy — Describe  the  angularity  of  the  sand 
(coarse  sizes  only),  gravel,  cobbles,  and  boulders,  as  angular, 
subangular.  subrounded,  or  rounded  in  accordance  with  the 
criteria  in  Table  I  and  Fig.  3.  A  range  of  angularity  may  be 
suted,  such  as:  subrounded  to  rounded. 

10.2  Shape — Describe  the  shape  of  the  gravel,  cobbles, 
and  boulders  as  flat,  elongated,  or  flat  and  elongated  if  they 
meet  the  criteria  in  Table  2  and  Fig.  4.  Otherwise,  do  not 
mention  the  shape.  Indicate  the  fraction  of  the  particles  that 
have  the  shape,  such  as:  one-third  of  the  gravel  particles  are 
flat 

10.3  Color — Describe  the  color.  Color  is  an  imporunt 
propeny  in  identifying  organic  soils,  and  within  a  given 
locality  it  may  also  be  useful  in  identifying  materials  of 


TAmjt  7  Cricria  (or  D—cribiwg  PatVde  SOupa  (—  P»g.  4) 

Tb*  pirtci*  iiUM  tiwa  M  attertna  as  losows  wfwrs  wngffi.  undvi  and 
ifKtinats  rtttr  to  mt  grasMSk  rnitmadwta.  and  wast  dmansona  a*  a  pam 
raapacpnaiy 

Plat  Pwpcita  wwi  uwdw/BveanaM  >  3 

Etongatto  Pamoas  wiin  lanqm/'mdBi  >  3 

P'ai  and  aiongatad  Pytews  mam  emana  tor  pom  (lat  and  aiongatad 
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PARTICLE  SHAPE 

w-wioth 

T -THICKNESS 
L»  LENGTH 


FLAT:  W/T>3 
ELONGATED:  L/W  >3 
FLAT  AND  ELONGATED: 

-meets  both  criteria 

FKL  4  Crttafta  for  Particio  Sliapo 

TABLE  3  Cifloflo  for  Ooacrttring  Motoluro  CandWon 
Omayton _ Crtierio _ 

Dry  AbMno*  of  rnamur*.  duMy,  dry  lo  th*  louori 

MM  0«Tip  but  no  wwar 

W«  VHiOM  Wtif.  UM4 »  «oi  it  Ottow  w«Wr  MSM 


similar  geologic  origin.  If  the  sample  contains  layers  or 
patches  of  varying  colon,  this  shall  be  noted  and  all 
represenutive  colon  shall  be  described.  The  color  shall  be 
described  for  moist  samples.  If  the  color  reptesents  a  dry 
condition,  this  shall  be  suted  in  the  report 

10.4  Otfor— Describe  the  odor  if  organic  or  unusual.  Soils 
containing  a  significant  amount  of  organic  material  usually 
have  a  distinctive  odor  of  decaying  vegeutioit  This  is 
especially  apparent  in  fresh  samples,  but  if  the  samples  are 
dried,  the  odor  may  often  be  revived  by  heating  a  moistened 
sample.  If  the  odor  is  unusual  (petroleum  product  chemical, 
and  the  like),  it  shall  be  described. 

10.5  Moisture  Condition— Desaibe  the  moisture  condi¬ 
tion  as  dry,  moist  or  wet  in  accordance  with  the  criteria  in 
Table  3. 

10.6  HCl  Reaction — Describe  the  reaction  with  HQ  as 
none,  weak,  or  strong,  in  accordance  with  the  critera  in 
Table  4.  Since  calcium  carbonate  is  a  common  cementing 
agent  a  repon  of  its  presence  on  the  basis  of  the  reaction 
with  dilute  hydrochloric  acid  is  important 


TABLE  4 

Critaria  for  Oaaeribinn  ttia  Raaction  Wilft  HCl 

DMChplion 

Cmana 

Non* 

W*ak 

Svong 

No  vistt*  raaction 

Soma  laactian.  with  tmOONt  tomwig  slowly 

ViQIani  raaction,  with  DuoUts  lonnng  (Tvnaoiatetv 

table  5  CiM*f1a  for  OMcriWng  ContiMtency 

npieiipBcin 

Cntaria 

Vtrfton 

Soft 

firm 

Hart 

Vary  hart 

■naarto  *«■  panatrata  aoi  moi*  Swi  1  n.  (25  iwn) 

Hnat*  wft  panama  sol  itxiul  1  h.  (25  iwn) 

IlMnO  w4  Mwa  sol  aftout  V4  in.  (8  imi) 

tHanb  not  Mani  sol  tM  raadiy  indarnad  with  ihumortal 

ntuiibnal  wl  not  Mam  sol 

10.7  Consistency — For  intact  fine-grained  soil,  describe 
the  consistency  as  very  soft,  soft,  firm,  hard,  or  very  hard,  in 
accordance  with  the  criteria  in  Table  S.  This  observation  is 
inappropriate  for  soils  with  significant  amounts  of  gravel. 

10.8  CemeR/or/nn— Describe  the  cementation  of  intaa 
coarse-grained  soils  as  weak,  moderate,  or  strong,  in  accord- 
aiKe  with  the  criteria  in  Table  6. 

10.9  5/nicrure— Describe  the  structure  of  inua  soils  in 
accordance  with  the  criteria  in  Table  7. 

10.10  Range  of  Particle  Sizes — For  gravel  and  sand  com¬ 
ponents,  describe  the  range  of  particle  sizes  within  each 
component  as  defined  in  3.1.2  and  3.1.6.  For  example,  about 
20  %  fine  to  coarse  graveL  about  40  %  fine  to  coarse  sand. 

10.11  Maximum  Particle  5/ze— Describe  the  maximum 
particle  size  found  in  the  sample  in  accordance  with  the 
following  information: 

10.11.1  Sand  Size— If  the  maximum  particle  size  is  a 
sand  size,  describe  as  fine,  medium,  or  coarse  as  defined  in 
3.1.7.  For  example:  maximum  particle  size,  medium  sand. 

10.112  Gravel  Size— If  the  maximum  particle  size  is  a 
gravel  size,  describe  the  maximum  particle  size  as  the 
smallest  sieve  opening  that  the  particle  will  pass.  For 
example,  maximum  particle  size,  I  Vi  in.  (wiU  pass  a  1  Vz-in. 
square  opening  but  not  a  Vt-in.  square  opening). 

1 0. 1 1 .3  Cobble  or  Boulder  Size — If  the  maximum  panicle 
size  is  a  cobble  or  boulder  size,  describe  the  maximum 
dimension  of  the  largest  particle.  For  example:  maximum 
dimension,  18  in.  (450  mm). 

10.12  /fordnesr— Describe  the  hardness  of  coarse  sand 
and  larger  particles  as  hard,  or  state  what  happens  when  the 
particles  are  hit  by  a  hammer,  for  example,  gravel-size 
particles  fiacture  with  considerable  hammer  blow,  some 
gravel-size  partides  crumble  with  hammer  blow.  ‘‘Hard" 
means  particles  do  not  crack,  fracture,  or  crumble  under  a 
hammer  blow. 

10.13  Additional  comments  shall  be  noted,  such  as  the 
presence  of  roots  or  root  holes,  difficulty  in  drilling  or 
augering  bole,  caving  of  trench  or  hole,  or  the  presence  of 
mica. 


table  •  Cittarta  for  OaacHMnq  Camartatioft 

DaaciXihon 

Cmana 

fVvBK 

Modsrat* 

Sttong 

Cnanoiaa  or  brsau  wiOt  handVig  or  was  fingar  prassm 
Cnant—s  or  braaks  with  oonsidsraei*  RnQsr  prasscr* 
wa  not  cfvnttia  or  prtak  with  lingar  prsssur* 
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TABLE  7  Cfilcfw  (or  OMcnfawiB  Structur* 


0Mcnp<«n 

Cm*n* 

StraiAM 

AMmitng  layar*  of  vwymg  mwunal  or  ceta  with  Uyura  at 
laaai  6  mm  track;  note  ttacknaw 

LjminaiM 

Mlamatng  layw*  of  varymg  matanal  or  color  amn  ow 
layars  Uu  Mi  6  mm  sack;  note  Sacknass 

FUSlMd 

Braaka  ttong  dalMa  pianaa  et  Sactira  vMh  wsa 
laamtanoa  to  kachaaig 

Skefc«nt<d*d 

Fractura  pianat  appav  poashad  or  giotsy.  tomabmas 
asiatad 

eucky 

Cehaaiva  toi  siat  can  ba  brokan  down  imo  ama(  an^Far 
kanpa  wtach  raam  kathar  braakdown 

UnMd 

Homogtnaous 

Mua^i  at  titWi  pockaa  o(  dsiarant  aoaa.  audi  at  tmal 
lantaa  at  sand  aeattarad  Svou^  a  mtsa  of  day;  noia 
sadinaaa 

Santa  color  and  appatnnea  saougfiout 

10.14  A  local  or  commercial  name  or  a  geologic  interpre¬ 
tation  of  the  soil,  or  both,  may  be  added  if  identified  as  such. 

10.15  A  classification  or  identification  of  the  soil  in 
accordance  with  other  classification  systems  may  be  added  if 
identified  as  such. 

11.  Identification  of  Peat 

11.1  A  sample  composed  primarily  of  vegetable  tissue  in 
various  stages  of  decomposition  that  has  a  fibrous  to 
amorphous  texture,  usually  a  dark  brown  to  black  color,  and 
an  organic  odor,  shall  be  designated  as  a  highly  organic  soil 
and  shall  be  identified  as  peat,  PT,  and  not  subjected  to  the 
identification  procedures  described  hereafter. 

12.  Prepantiop  for  Idcntificntion 

12.1  The  soil  identification  portion  of  this  practice  is 
based  on  the  portion  of  the  soil  sample  that  will  pass  a  3-in. 
(75-ram)  sieve.  The  larger  than  3-in.  (75-mm)  particles  must 
be  removed,  manually,  for  a  loose  sample,  or  mentally,  for 
an  intact  sample  before  classifying  the  soil. 

12.2  Estimate  and  note  the  percen^e  of  cobbles  and  the 
percentage  of  boulders.  Performed  visually,  these  estimates 
will  be  on  the  basis  of  volume  percentage. 

Note  8— Suwe  the  peroentates  of  the  pwtide-aze  disuibutioo  in 
Ten  Method  D  24S7  vc  by  dry  weighL  and  the  estimates  of  peroentates 
for  gravel,  sand,  and  fines  in  this  piactioe  are  by  dry  weighL  it  b 
Rcommended  that  the  report  sure  that  the  pereentates  of  oobbla  and 
boulden  are  by  volume. 

12.3  Of  the  fraction  of  the  soil  smaller  than  3  in.  (75  mm), 
estimate  and  note  the  percentage,  by  dry  weight,  of  the 
gravel,  sand,  and  fines  (see  Appendix  X4  for  suggested 
procedures). 

Note  9— .Since  the  parade-size  componenu  appear  visually  on  the 
basb  of  volume,  considerable  experwnoe  b  required  to  estimate  the 
percentages  on  the  basb  of  dry  weighL  Frequent  comparisons  with 
labontory  particle-sue  analyses  should  be  tr  de. 

12.3.1  The  percentages  shall  be  estimated  to  the  closest 
5  %.  The  percenuges  of  gravel,  sand,  and  fines  must  add  up 
to  100  %. 

12.3.2  If  one  of  the  components  is  present  but  not  in 
sufficient  quantity  to  be  considered  5  %  of  the  smaller  than 
3-in.  (75-mm)  portion,  indicate  its  presence  by  the  term 
trace,  for  example,  trace  of  fines.  A  trace  is  not  to  be 
considered  in  the  total  of  100  %  for  the  components. 


13.  Prelimituiry  Identification 

1 3. 1  The  soil  is  fine  grained  if  it  contains  50  %  or  more 

fines.  Follow  the  procedures  for  identifying  fine-grained  soii^ 
of  Section  14.  i 

1 3.2  The  soil  is  coarse  grained  if  it  contains  less  than  50  % 
fines.  Follow  the  procedures  for  identifying  coarse-grained 
soils  of  Section  15. 

14.  Procedure  for  Identifying  Fine-Grained  Soils 

1 4. 1  Select  a  representative  sample  of  the  material  for 
examination.  Remove  particles  larger  than  the  No.  40  sieve 
(medium  sand  and  larger)  until  a  specimen  equivalent  to 
about  a  handful  of  material  is  available.  Use  this  specimen 
for  performing  the  dry  strength,  dilatancy,  and  toughness 
tests. 

14.2  Dry  Strength: 

14.2. 1  From  the  specimen,  select  enough  material  to  mold 
into  a  ball  about  1  in.  (25  mm)  in  diameter.  Mold  the 
material  until  it  has  the  consistency  of  putty,  adding  water  if 
necessary. 

14.2.2  From  the  molded  material,  make  at  least  three  test 
specimens.  A  test  specimen  shall  be  a  ball  of  material  about 
*/2  in.  (12  mm)  in  diameter.  Allow  the  test  specimens  to  dry 
in  air,  or  sun,  or  by  artificial  means,  as  long  as  the 
temperature  does  not  exceed  60*C. 

*  14.2.3  If  the  test  specimen  contains  natural  dry  lumps, 
those  that  art  about  in.  (12  mm)  in  diameter  may  be  used 
in  place  of  the  molded  balls. 

Note  10— fbe  prooes  of  molding  and  drying  usually  produces 
higher  suengths  than  are  found  in  natural  dry  lumps  of  soU. 

14.2.4  Test  the  strength  of  the  dry  balls  or  lumps  1 
crushing  between  the  fingers.  Note  the  strength  as  none,  low, 
medium,  high,  or  very  high  in  accorance  with  the  criteria  in 
Table  8.  If  natural  dry  lumps  art  used,  do  not  use  the  results 
of  any  of  the  lumps  that  are  found  to  contain  particles  of 
coarse  sand. 

14.2.5  The  presence  of  high-strtngth  water-soluble  ce¬ 
menting  materials,  such  as  calcium  carbonate,  may  cause 
exceptionally  high  dry  strengths.  The  presence  of  calcium 
carbonate  can  usually  be  detected  from  the  intensity  of  the 
reaction  with  dilute  hydrochloric  acid  (see  10.6). 

14.3  Dilatancy: 

14.3.1  From  the  specimen,  select  enou^  material  to  mold 
into  a  baU  about  '/r  in.  (12  mm)  in  diameter.  Mold  the 
material,  adding  water  if  necessary,  until  it  has  a  soft,  but  not 
sticky,  consistency. 

14.3.2  Smooth  the  soil  ball  in  the  palm  of  one  hand  with 
the  blade  of  a  i^nife  or  small  spatula.  Shake  horizontally, 


TABLE  a  Crtimte  tor  OMcrlbing  Dry  Strungth 


Paaenpbon 

emtna 

Nona 

Tlia  Wy  aoacanan  cnanWM  mm  powdtr  wun  mara  praa  sixa 
ollivdbig 

U>w 

Tha  «y  apadman  dianbiaa  mm  powdar  wtSi  aoma  Unger 
prwaiaa 

Madum 

Ttw  dry  apacanan  braaks  into  paoaa  or  ownoias  witn 
oonaidaraeit  lingtr  praatura 

ragh 

Tha  try  apaoman  camoi  ba  brokan  wisi  finger  pra*s»ke 
Spaoman  wP  braak  nio  pwoaa  batwaan  S»»no  and  a  narn 

tiataoa 

Vary  high 

Tha  dry  apacenan  cannot  ba  brokan  batwaan  sw  Sk»no  ano 

hard  aurtaoa 
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Oawiption _ Cnteria _ 

Nona  No  visM  crianga  in  ma  spaoman 

Slow  Watar  apoaan  stowty  on  ma  surlaca  ol  ttia  spaaman  dunng 
Shaking  and  doas  not  drsappaaf  or  drtappaars  slowly  upon 
squaazing 


Rapid  Watar  appaara  quiddy  on  tha  surfaoa  of  ttia  spacinan  dwmg 
_ shaking  and  Oriippairs  qtscfcly  upon  aquaaang _ 


TABLE  10 

Criteria  for  OoEcriblnq  Toughnasa 

OMCripbon 

Crttana 

Low  Only  sight  prassura  is  raquirad  to  rol  tha  ihraad  naar  Oia 
piastie  ML  Tha  Svaad  and  tha  kkhp  ara  waak  and  soft 
Madun  Madum  prasstfa  ■  raqurad  to  not  ffia  tfiraad  to  naar  tha 
ptamc  ML  Tha  Ihraad  and  tha  kaiip  hava  madun  sMfnaaa 
High  Considarahia  ptassura  is  raqtatad  to  foltha  thraad  to  naar  aia 
piasde  ML  Tha  naad  and  ma  kanp  ha«a  vary  high 
stifliiaaa 


stiiking  the  side  of  the  hand  vigorously  against  the  other 
hand  several  times.  Note  the  reaction  of  water  appearing  on 
the  surface  of  the  soiL  Squeeze  the  sample  by  closing  the 
hand  or  pinching  the  soil  between  the  lingers,  and  note  the 
reaction  as  none,  slow,  or  rapid  in  accordance  with  the 
criteria  in  Table  9.  The  reaction  is  the  speed  with  which 
water  appears  while  shaking,  and  disappears  while  squeezing. 

14.4  Toughness: 

14.4. 1  Following  the  completion  of  the  dilatancy  test,  the 
test  specimen  is  shaped  into  an  elongated  pat  and  rolled  by 
hand  on  a  smooth  surface  or  between  the  p^ms  into  a  thread 
about  Vt  in.  (3  mm)  in  diameter.  (If  the  sample  is  too  wet  to 
roll  easily,  it  should  be  spread  into  a  thin  layer  and  allowed 
to  lose  some  water  by  evaporation.)  Fold  the  sample  threads 
and  reroll  repeatedly  until  the  thread  crumbles  at  a  diameter 
of  about  '/•  in.  The  thread  will  crumble  at  a  diameter  of '/» ' 
in.  when  the  soil  is  near  the  plastic  limit  Note  the  pressure 
required  to  roll  the  thread  near  the  plastic  limit  Also,  note 
the  strength  of  the  thread.  After  the  thread  crumbles,  the 
pieces  should  be  lumped  together  and  kneaded  until  the 
lump  crumbles.  Note  the  toughness  of  the  material  during 
kneading. 

14.4.2  Describe  the  toughness  of  the  thread  and  lump  as 
low,  medium,  or  high  in  accordance  with  the  criteria  in 
Table  10. 

14.5  Plasticity — On  the  basis  of  observations  made  during 
the  toughness  test,  describe  the  plasticity  of  the  material  in 
accordance  with  the  criteria  given  in  Table  1 1. 


TABLE  11  Critaria  for  OMCribing  Platficity 
Dwertpaon _ Cntff _ 

NonpMtie  A  'vm.  (3-n«n)  Waad  cannot  ba  rolad  at  any  watar  oontant 
Low  Tha  Ihraad  can  banaly  ba  roMd  and  iha  kanp  cannot  bo 

tormad  whan  drtar  man  dia  plaaOe  Ml 
Madkan  Tha  mraad  ia  aasy  to  lol  and  not  much  dmo  ia  raqurad  to 
laach  tha  plastic  ML  Tha  mraad  cannot  ba  raroiad  altar 
roadwig  dta  plastic  ML  Tha  kanp  crumeias  whan  antr 
man  ma  pttsde  Mt 

High  It  lakas  oonaidarabla  lima  roMng  and  knaadmg  to  taach  ma 

piasilc  Ml.  Tha  dvaad  can  ba  raroiad  savaral  iknas  afiar 
raachaig  ma  piasllc  Mt.  Tha  kanp  can  ba  lormad  without 
cnanbing  whan  dnar  man  ma  plaslic  Mt _ 


14.6  Decide  whether  the  soil  is  an  inorganic  or  an  organic 
fine-grained  soil  (see  14.8).  If  inorganic,  follow  the  steps 
given  in  14.7. 

14.7  identification  of  Inorganic  Fine-Grained  Soils: 

14.7.1  Identify  the  soil  as  a  lean  clay,  CL,  if  the  soil  has 
medium  to  high  dry  strength,  no  or  slow  dilatancy,  and 
medium  toughness  and  plasticity  (see  Table  12). 

14.7.2  Identify  the  soil  as  a  yiu  clay,  CH,  if  the  soil  has 
high  to  very  high  dry  strength,  no  dilauncy,  and  high 
toughness  and  plasticity  (see  Table  12). 

14.7.3  Identify  the  soil  as  a  silt,  ML,  if  the  soil  has  no  to 
low  dry  strength,  slow  to  rapid  dilauncy,  and  low  toughness 
and  plasticity,  or  is  nonplastic  (see  Table  12). 

1 4.7.4  Identify  the  soil  as  an  elastic  silt,  MH,  if  the  soil  has 
low  to  medium  dry  strength,  no  to  slow  dilauncy,  and  low  to 
medium  toughness  and  plasticity  (see  Table  12). 

Note  II — These  properties  are  similar  to  those  for  a  lean  clay. 
However,  the  silt  will  dry  quickly  on  the  hand  and  have  a  smooth,  silky 
fed  when  dry.  Some  soih  that  would  classify  as  MH  in  accordance  with 
the  criteria  in  Test  Method  D  2487  are  visually  difficult  to  distinguish 
from  lean  days,  CL  It  may  be  necessary  to  perform  laboratory  testing 
for  proper  identification. 

14.8  Identification  of  Organic  Fine-Grained  Soils: 

14.8.1  Identify  the  soil  as  an  organic  soil,  OL/OH,  if  the 

soil  contains  enough  organic  particles  to  influence  the  soil 
properties.  Organic  soils  usually  have  a  dark  brown  to  black 
color  and  may  have  an  organic  odor.  Often,  organic  soils  will 
change  color,  for  example,  black  to  brown,  when  exposed  to 
the  air.  Some  organic  soils  will  lighten  in  color  significantly 
when  air  dried.  Organic  soils  normally  will  not  have  a  high 
toughness  or  plasticity.  The  thread  for  the  toughness  test  will 
be  spongy. 

Note  12— In  some  cases,  through  practice  and  experience,  it  may  be 
possible  to  further  identify  the  organic  soils  as  organic  silts  or  organic 
clays,  OL  or  OH.  Correlations  between  the  dilauncy,  dry  strength, 
toughness  tests,  and  laboratory  tests  can  be  made  to  identify  organic  soils 
in  certain  deposits  of  similar  materials  of  known  geologic  origin. 

14.9  If  the  soil  is  estimated  to  have  15  to  25  %  sand  or 
gravel,  or  both,  the  words  “with  sand"  or  “with  gravel" 
(whichever  is  more  predominant)  shall  be  added  to  the  group 
name.  For  example;  “lean  clay  with  sand,  CL”  or  “silt  with 
gravel,  ML"  (see  Figs,  la  and  lb).  If  the  percentage  of  sand  is 
equal  to  the  percenuge  of  gravel,  use  “with  uod." 

14. 10  If  the  soil  is  estimated  to  have  30  %  or  more  sand  or 
gravel,  or  both,  the  words  “sandy"  or  “gravelly"  shall  be 
added  to  the  group  name.  Add  the  word  “sandy"  if  there 
appears  to  be  more  sand  than  gravel.  Add  the  word 
“gravelly"  if  there  appears  to  be  more  gravel  than  sand.  For 
example:  “sandy  lean  clay,  CL",  “gravelly  fat  clay,  CH",  or 
“sandy  silL  ML"  (see  Figs,  la  and  lb).  If  the  percenuge  of 
sand  is  equal  to  the  percent  of  gravel,  use  “undy." 


TABLE  12  fdantttlcalion  o(  Inorganic  rmo-Grainod  Soilt  from 
Manual  Taata 


Soi 

Symbol 

Ory  Slmngin 

Okauncy 

Toughnass 

ML 

Nona  to  low 

Slowtorapd 

LOW  or  mraad  carmoi  ba 
tanned 

CL 

Madkan  lo  ingh 

Nona  to  slow 

M«diun 

MH 

Low  to  madum 

Nona  to  Slow 

Low  to  madum 

CH 

High  to  vary  ragh 

Nona 
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15.  Procedure  for  Identifying  Coarse-Grained  Soils  (Con¬ 
tains  less  than  SO  %  fines) 

15.1  The  soil  is  a  gravel  if  the  percenuge  of  gravel  is 
estimated  to  be  more  than  the  percentage  of  sand. 

15.2  The  soil  is  a  sand  if  the  percentage  of  gravel  is 
estimated  to  be  equal  to  or  less  than  the  percentage  of  sand. 

15.3  The  soil  is  a  dean  gravel  or  dean  sand  if  the 
percentage  of  fines  is  estimated  to  be  S  %  or  less. 

1  S.3. 1  Identify  the  soil  as  a  well-graded  gravel,  GW.  or  as 
a  well-graded  sand,  SW,  if  it  has  a  wide  range  of  particle  sizes 
and  subsuntial  amounts  of  the  intermediate  particle  sizes. 

1 5.3.2  Identify  the  soil  as  a  poorly  graded  gravel,  GP,  or  as 
a  poorly  graded  sand,  SP,  if  it  consists  predominantly  of  one 
size  (uniformly  graded),  or  it  has  a  wide  range  of  sizes  with 
some  interm^iate  sizes  obviously  missing  (gap  or  skip 
graded). 

15.4  The  soil  is  either  a  gravel  with  fines  or  a  sand  with 
fines  if  the  percentage  of  fines  is  estimated  to  be  1 5  %  or 
more. 

1 5.4. 1  Identify  the  soil  as  a  dayey  gravel,  GC,  or  a  dayey 
sand,  SC,  if  the  fines  are  clayey  as  determined  by  the 
procedures  in  Seaion  14. 

15.4.2  Identify  the  soil  as  a  silty  gravel,  GM.  or  a  silty 
sand,  SM,  if  the  fines  are  silty  as  determined  by  the 
procedures  in  Seaion  1 4. 

1 5.5  If  the  soil  is  estimated  to  conuin  10  %  fines,  give  the 
soil  a  dual  identification  using  two  group  symbols. 

15.5.1  The  first  group  symbol  shall  correspond  to  a  clean 
gravel  or  sand  (GW,  GP,  SW,  SP)  and  the  second  symbol 
shall  correspond  to  a  gravel  or  sand  with  fines  (GC,  GM,  SC. 
SM). 

15.5.2  The  group  name  shall  correspond  to  the  first  group 
symbol  plus  the  words  “with  clay"  or  “with  silt"  to  indicate 
the  plasticity  charaaeristics  of  the  fines.  For  example; 
“well-graded  gravel  with  clay,  GW-GC"  or  “pooriy  graded 
sand  with  silt,  SP-SM"  (see  Fig.  2). 

1 5.6  If  the  specimen  is  predominantly  sand  or  gravel  but 
contains  an  estimated  1 5  %  or  more  of  the  other  coarse¬ 
grained  constituent,  the  words  “with  gravel"  or  “with  sand" 
shall  be  added  to  the  group  name.  For  example;  “poorly 
graded  gravel  with  sand,  GP"  or  “clayey  sand  with  gravel, 
SC"  (see  Fig.  2). 

1 5.7  If  the  field  sample  contains  any  cobbles  or  boulders, 
or  both,  the  words  “with  cobbles"  or  “with  cobbles  and 
boulders"  shall  be  added  to  the  group  name.  For  example: 
"silty  gravel  with  cobbles,  GM." 

16.  Report 

16. 1  The  report  shall  include  the  information  as  to  origin, 
and  the  items  indicated  in  Table  13. 

Non  13 — Example:  Clayey  Gravel  wiih  Sand  ard  Cobbles.  GC— 
^bout  SO  %  floe  u>  coarse,  subrounded  to  subangular  sravel;  about  30  % 


_ 13  Checfcliat  lor  Oeacnption  ot  Soils 

t.  Group  n«ns 

2.  Group  symool 

3.  Psrcant  o(  ooOOies  or  tiouiosrs.  ot  Oom  (By  vokxon) 

4  Percent  o<  grsvsi.  sand,  or  fnet.  or  al  tnreo  (By  dry  weignt) 

5.  Partcta.saa  range; 

Gravel — (na.  ooarse 
Sand — One.  madun.  ooarse 

6.  ParBcW  angUamy;  engwar.  suBanguer.  suBroundad.  rotnOeo 

7.  Panda  inapa:  (M  appropriate)  flat,  aldngatad.  flat  and  elongated 

8.  aaaunwn  paroda  ass  or  dananslon 

9.  HardneH  at  ooarse  sand  and  largar  pandas 

10.  Piastdty  of  flnaa:  nonplaatic.  low.  madun.  tsgn 

11.  Dry  atrangtti:  none.  low.  madun.  rsgh.  vary  ragh 

12.  Oiatancr  none.  slow,  rapid 

13.  Tougfinm:  low.  madun.  isgn 

14.  Color  fn  mod  condition) 

15  Odor  (mannon  only  4  organc  or  usmd) 

16.  Mostua:  dy.  moist,  wal 

17.  naaetwai  urn  HO;  none.  weak,  avong 
Per  Mao  aarnpfaa: 

18.  Cerdatancy  (flna-graeiad  aois  only);  very  soft.  soft.  Ann.  hard,  vary  hod 

19.  Stnictua:  atmaftad.  Mnaiatad.  taauM.  aidtansidad.  lansad.  homo- 
ganaoua 

20.  Camantatm;  weak,  modarata.  aaong 

21.  Local  name 

22.  Geologic  rtarpraution 

23.  Addacnal  ocmmanta  preianea  of  roots  or  mot  Idas,  presanoa  of  rrvca. 
gypsum,  ate.,  sufaoa  ooaongs  on  ooarsa-graaied  pandas,  eavkig  or 
sdjgrimg  of  sugar  Ida  or  (ranch  pdas.  dfficUly  In  sugaring  or  axesvaeng. 
etc 


fine  to  coarse,  subrounded  sand;  about  20  %  fines  with  medium 
plasticity,  high  dry  strength,  no  dilatancy,  medium  toughness;  weak 
reaction  with  HO;  original  field  sample  had  about  S  %  (by  volume) 
subrounded  cobbles,  maximum  dimension,  ISO  mm. 

In-Place  Conditions— Firm,  homogeneous,  dry,  brown 
Geologic  Interpreution— Alluvial  fan 

Note  14— Ot^  examples  of  soil  descriptions  and  identification  a. 
given  in  Appendixes  X)  and  X2. 

Note  1 5— If  desired,  the  percentages  of  gravel,  sand,  and  fines  may 
be  staled  in  terms  indicating  a  range  of  percentages,  as  follows: 

Trace— Particles  are  piesent  but  estimated  to  be  less  than  S  % 
Few—S  to  10  % 

Lillie— \S  to  2S  % 

Some— 30  to  45  % 

Mosily—50  to  100  % 

16.2  If,  in  the  soil  description,  the  soil  is  identified  using  a 
classification  group  symbol  and  name  as  described  in  Test 
Method  D  2487,  it  must  be  distinctly  and  clearly  suted  in  log 
forms,  summary  tables,  reports,  and  the  like,  that  the  symbol 
and  name  are  based  on  visual-manual  procedures. 

17.  Precision  and  Bias 

17.1  This  practice  provides  qualiutive  information  only, 
therefore,  a  precision  and  bias  sutement  is  not  applicable. 

18.  Index  Terms 

18.1  Gassification,  soil  classification,  visual  classification, 
soil  description,  clay,  silt,  sand,  gravel,  organic  soils. 


305 


#  D2488 


APPENDIXES 
(Nonmandatory  Information) 

XI.  EXAMPLES  OF  VISUAL  SOIL  DESCRIPTIONS 


Xl.l  The  following  examples  show  how  the  information 
required  in  16.1  can  be  reported.  The  information  that  is 
included  in  descriptions  should  be  based  on  individual 
circumstances  and  need. 

Xl.l.l  Well-Graded  Gravel  with  Sand  (GW) — About 
73  %  fine  to  coarse,  hard,  subangular  gravel;  about  23  %  fine 
to  coarse,  hard,  subangular  sand;  trace  of  fines;  maximum 
size,  73  mm,  brown,  dry,  no  reaction  with  HQ. 

Xl.1.2  Silty  Sand  with  Gravel  (SM) — About  60  %  pre¬ 
dominantly  fine  sand;  about  23  %  silty  fines  with  low 
(dasticity,  low  dry  strength,  rapid  dilatancy,  and  toy/  tough¬ 
ness;  ateut  13  %  fine,  hard,  subrounded  gravel,  a  few 
gravd-size  particles  fractured  with  hammer  blow;  maximum 
size,  23  mm;  no  reaction  with  HQ  (Note— Field  sample  size 
smaller  than  recommended). 

In-Place  Conditions— Fum,  stratified  and  contains  lenses 
of  silt  1  to  2  in.  (23  to  30  mm)  thick,  moist,  brown  to  gray 
in-place  density  106  Ib/ft^;  in-place  moisture  9  %. 


XI.  1.3  Organic  Soil  (OL/OH) — About  1 00  %  fines  with 
low  plasticity,  slow  dilatancy,  low  dry  strength,  and  low 
toughness;  wet,  dark  brown,  orgainc  odor;  weak  reaction 
with  HQ. 

X 1 . 1 .4  Silly  Sand  with  Organic  Fines  (SM) — About  7  5  % 
fine  to  coarse,  hard,  subangular  reddish  sand;  about  25  % 
organic  and  silty  dark  brown  nonplastic  fines  with  no  dry 
strength  and  slow  dilatancy  wet;  maximum  size,  coarse 
sand;  weak  reaction  with  HQ. 

X 1 . 1 .5  Poorly  Graded  Gravel  with  Silt.  Sand,  Cobbles  and 
Boulders  (GP-GM) — About  75  %  fine  to  coarse,  hard, 
subrounded  to  subangular  gravel;  about  1 5  %  fine,  hard, 
subrounded  to  subangular  sand;  about  10  %  silty  nonplastic 
fines;  moist,  brown;  no  reaction  with  HQ;  original  field 
sample  had  about  5  %  (by  volume)  hard,  subtounded 
cobbles  and  a  trace  of  hard,  subrounded  boulders,  with  a 
maximum  dimension  of  18  in.  (450  mm). 


X2.  USING  THE  IDENHFICA  HON  PROCEDURE  AS  A  DESCRIPTIVE  SYSTEM  FOR  SHALE,  CXAYSTONE, 

SHELLS,  SLAG,  CRUSHED  ROCK,  AND  THE  UKE 


X2.1  The  identification  procedure  may  be  used  as  a 
descriptive  system  applied  to  materials  that  exist  in-situ  as 
shale,  claystone,  sandstone,  siltstone,  mudstone,  etc.,  but 
convert  to  soils  after  field  or  laboratory  processing  (crushing, 
slaking,  and  the  like). 

X2.2  Materials  such  as  shells,  crushed  rock,  slag,  and  the 
like,  should  be  identified  as  such.  However,  the  procedures 
used  in  this  practice  for  describing  the  particle  size  and 
plasticity  characteristics  may  be  used  in  the  description  of  the 
material.  If  desired,  an  identification  using  a  group  name  and 
symbol  according  to  this  practice  may  be  assigned  to  aid  in 
describing  the  material 

X2.3  The  group  symboKs)  and  group  names  should  be 
placed  in  quotation  marks  or  noted  with  some  type  of 
distinguishing  symbol.  See  examples. 

X2.4  Examples  of  how  group  names  and  symbols  can  be 
incororated  into  a  descriptive  system  for  materials  that  are 
not  naturally  occurring  soils  are  as  follows; 


X2.4.1  Shale  Chunks— Retrieved  as  2  to  4-in.  (50  to 
l(X>-mm)  pieces  of  shale  from  power  auger  hole,  dry,  brown, 
no  reaction  with  HQ.  After  slaking  in  water  for  24  h. 
material  identified  as  “Sandy  Lean  Qay  (CL)";  about  60  % 
fines  with  medium  plasticity,  high  dry  strength,  no  dilauncy, 
and  medium  toughness;  about  35  %  fine  to  medium,  hard 
sand;  about  5  %  gravel-size  pieces  of  shale. 

X2.4.2  Crushed  Sandstone — Produa  of  commercial 
crushing  operation;  “Poorly  Graded  Sand  with  Silt  (SP- 
SM)";  about  90  %  fine  to  medium  sand;  about  10  % 
nonplastic  fines;  dry,  reddish-brown,  strong  reaction  with 
HQ. 

X2.4.3  Broken  Shells — About  60  %  gravd-size  broken 
shells;  about  30  %  sand  and  sand-size  shell  pieces;  about 
10  %  fines;  “Poorly  Graded  Gravel  with  Sand  (GP).” 

X2.4.4  Crushed  Rock — Processed  from  gravel  and  cob¬ 
bles  in  Pit  No.  7;  “Poorly  Graded  Gravel  (GP)";  about  90  % 
fine,  hard,  angular  gravel-size  particles;  about  10  %  coarse, 
hard,  angular  sand-size  particles;  dry,  tan;  no  reaction  with 
HQ. 


X3.  SUGGESTED  PROCEDURE  FOR  USING  A  BORDERLINE  SYMBOL  FOR  SOILS  WITH  TWO  POSSIBLE 

IDENTinCATIONS. 


X3. 1  Since  this  practice  is  based  on  estimates  of  particle 
size  distribution  and  plasticity  characteristics,  it  may  be 
difficult  to  clearly  identify  the  soil  as  belonging  to  one 
category.  To  indicate  that  the  soil  may  fall  into  one  of  two 


possible  basic  groups,  a  borderline  symbol  may  be  used  with 
the  two  symbols  separated  by  a  slash.  For  example:  SC/CL  or 
CL/CH. 

X3.1.1  A  borderline  symbol  may  je  used  when  the 
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percentage  of  fines  is  estimated  to  be  between  45  and  55  %. 
^e  symbol  should  be  for  a  coarse-grained  soil  with  fines 
jnd  the  other  for  a  fine-grained  soil.  For  example:  GM/ML 
orCUSC. 

X3.1.2  A  borderline  symbol  may  be  used  when  the 
oercenuge  of  sand  and  the  percentage  of  gravel  are  estimated 
w  be  about  the  same.  For  example:  GP/SP,  SC/GC,  GM/ 
SM.  It  is  practically  impossible  to  have  a  soil  that  would  have 
a  borderline  symbol  of  GW/SW. 

X3.1-3  A  borderline  symbol  may  be  used  when  the  soil 
could  be  either  well  graded  or  poorly  graded.  For  example: 
GW/GP.  SW/SP. 

X3.1-4  A  borderline  symbol  may  be  used  when  the  soil 
could  either  be  a  silt  or  a  clay.  For  example:  CL/ML, 
ch/mh.  SC/SM. 

X3.1.5  A  borderline  symbol  may  be  used  when  a  fine¬ 


grained  soil  has  properties  that  indicate  that  it  is  at  the 
boundary  between  a  soil  of  low  compressibility  and  a  soil  of  ^ 
high  compressibility.  For  example:  CL/CH,  MH/ML.  , 

X3.2  The  order  of  the  borderline  symbols  should  reflect 
similarity  to  surrounding  or  adjacent  soils.  For  example:  soils 
in  a  borrow  area  have  been  identified  as  CH.  One  sample  is 
considered  to  have  a  borderline  symbol  of  CL  and  CH.  To 
show  similarity,  the  borderline  symbol  should  be  CH/CL. 

X3.3  The  group  name  for  a  soil  with  a  borderline  symbol 
should  be  the  group  name  for  the  first  symbol,  except  for 

CL/CH  lean  to  fat  clay 
ML/CL  clayey  silt 
CL/ML  silty  clay 

X3.4  The  use  of  a  borderline  symbol  should  not  be  used 
indiscriminately.  Every  effort  shall  be  made  to  first  place  the 
soil  into  a  single  group. 


X4.  SUGGESTED  PROCEDURES  FOR  ESTIMATING  THE  PERCENTAGES  OF  GRAVEL,  SAND, 

AND  FINES  IN  A  SOIL  SAMPLE 


X4. 1  Jar  Method— TYit  relative  percenuge  of  coarse-  and 
fine-grained  material  may  be  estimated  by  thorou^ly 
shaking  a  mixture  of  soil  and  water  in  a  test  tube  or  jar,  and 
then  allowing  the  mixture  to  settle.  The  coarse  particles  will 
fall  to  the  bottom  and  successively  finer  particles  will  be 
deposited  with  increasing  time;  the  sand  sizes  wiU  fall  out  of 
wspension  in  20  to  30  s.  The  relative  proportions  can  be 
estimated  from  the  relative  volume  of  each  size  separate. 
This  method  should  be  correlated  to  particle-size  laboratory 
determinations. 

X4.2  Visual  A/rthod— -Mentally  visualize  the  gravel  size 
particles  placed  in  a  sack  (or  other  container)  or  sacks.  Then, 
do  the  same  with  the  $a<id  size  particles  and  the  fines.  Then, 
mentally  compare  the  numb^  of  sacks  to  estimate  the 
percentage  of  plus  No.  4  sieve  size  and  minus  No.  4  sieve  size 


present.  The  percentages  of  sand  and  fines  in  the  minus  sieve 
size  No.  4  material  can  then  be  estimated  from  the  wash  test 
(X4.3). 

X4.3  Test  (for  relative  percentages  of  sand  and 

fines) — Select  and  moisten  enough  minus  No.  4  sieve  size 
material  to  form  a  1-in  (25-mm)  cube  of  soil.  Cut  the  cube  ir 
half,  set  one-half  to  the  side,  and  place  the  other  half  in  ? 
small  dish.  Wash  and  decant  the  fines  out  of  the  material  in 
the  dish  until  the  wash  water  is  clear  and  then  compare  the 
two  samples  and  estimate  the  pen^tage  of  sand  and  fines. 
Remember  that  the  percentage  is  based  on  weight,  not 
volume.  However,  the  volume  comparison  will  provide  a 
reasonable  indication  of  grain  size  percentages. 

X4.3.1  While  washing,  it  may  be  necessary  to  break  down 
lumps  of  fines  with  the  finger  to  get  the  correct  percentages. 
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STANDARD  OPERATING  PROCEDURE  FOR  DETERMINING  TOTAL  HYPHAL  LENGTH, 
NUMBERS  OF  ACTIVE  BACTERIA  AND  LENGTH  OF  ACTIVE  FUNGI. 


Elaine  R.  Ingham 
March  19,  1992 


I.  Scope  and  Application 

The  protocol  described  herein  is  applicable  to  determining  the 
numbers  of  metabolically  active  bacteria,  length  of  metabolically 
active  hyphae  and  total  length  of  hyphae  in  soil,  sediment  and 
water  samples.  This  procedure  is  used  to  calculate  biomass  of 
these  organisms. 


II.  Method  Summary 

Soil,  sediment  or  water  is  diluted  appropriately  (the  dilution 
which  gives  maximum  estimates),  and  a  subsample  stained  with 
fluorescein  diacetate  (FDA).  A  0.1  to  1  ml  aliquot  of  this 
suspension  is  mixed  with  agar  to  prevent  organism  movement,  the 
agar-soil  suspension  placed  on  a  slide  of  known  volume.  Using  epi- 
fluorescent  microscopy  (using  fluorescein  wavelengths,  400-425 
exciter  wavelengths,  490-500  barrier  filter),  the  length  of 
fluorescent  hyphae  is  measured.  Using  phase  contrast  microscopy, 
the  length  and  width  (diameter)  of  all  hyphae  are  measured.  Using 
epi-f luorescent  oil-immersion  microscopy,  numbers  and  size  of 
fluorescent  bacteria  are  determined. 


III.  Sample  Preparation 

Since  this  method  measures  activity,  samples  must  be  processed  as 
soon  as  possible  after  collection  since  microbial  activity  begins 
to  change  within  days  of  collection  (3  days  when  temperatures  are 
high,  7  days  when  temperatures  are  low)  even  when  samples  are  kept 
at  cool  (4  to  10  C)  .  Samples  can  not  be  frozen  as  freezing 
destroys  activity. 

Once  stained,  the  stained  organisms  must  be  observed  within  seven 
hours  even  when  kept  refrigerated  because  the  fluorescein  is 
eliminated  as  a  metabolite  from  the  cells.  The  agar  films  will  dry 
within  several  minutes  after  preparation,  so  these  must  be  kept 
moist  (tray  with  a  wet  towel)  and  the  measurements  made  soon  after 
staining  is  performed. 
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Direct  estimates  of  active  and  total  funai.  a  1  gram  soil  or 
sediment  sample  or  10  ml  water  sample  (actual  volume  determined  by 
assessing  volume  which  gives  maximum  estimates)  are  diluted  in  9  mL 
sterile  tap  water  or  phosphate  buffer  (1;10  dilution),  and  shaken 
at  approximately  120  rpm  for  5  minutes.  One  to  five  mL  aliquots 
will  be  removed  from  the  1:10  dilution  and  prepared  for  active  (FDA 
stained)  and  total  (phase  contrast  microscopy)  funaal  biomass 
estimations  (Ingham  and  Klein,  1984)  by  staining  for  3  minutes  with 
1  mL  of  a  20  ug/mL  FDA  solution  in  0.1  M  phosphate  buffer,  pH  6.5. 
One  mL  of  1.5%  agar  in  pH  9.5  O.l  M  phosphate  buffer  will  be  added 
to  the  FDA-soil  suspension,  mixed  well,  and  an  aliquot  placed  on  a 
slide  with  a  well  of  known  depth.  The  length  of  FDA-stained 
hyphae,  using  epi-f luorescent  microscopy,  and  the  length  and 
diameter  of  all  hyphae,  using  phase  contrast  microscopy  (Zeiss  epi- 
fluorescent  microscope),  will  be  measured  and  recorded  from  three 
18  mm  length  transects  of  each  agar  film.  Total  magnification  used 
is  160X  and  one  agar  film  is  observed  per  sample.  Background 
contamination  is  determined  by  measuring  hyphal  lengths  using 
sterile  water  samples  instead  of  soil  suspensions. 

^  Direct  estimates  of  active  bacterial  numbers  are  determined  by 
placing  oil  on  the  coverslip  of  the  FDA-stained  soil  suspension- 
agar  film  (see  above)  and  the  number  of  FDA-stained  (e.i.,  active) 
bacteria  counted  in  each  of  ten  fields  on  each  slide. 


IV.  Interference/Limitations 

Determining  the  appropriate  dilution  for  use  can  take  some  time. 
The  soil  particles  or  dissolved  partiluate  matter  must  be  diluted 
to  the  point  that  the  sand,  silt,  clay  and  organic  particles  do  not 
obscure  hyphae,  but  the  hyphae  and  bacteria  should  not  be  diluted 
beyond  the  point  where  no  organisms  are  observed  in  a  transect  of 
the  coverslip  over  the  agar  aliquot  in  the  slide.  Especially  in 
agricultural  soils,  where  fungal  length  can  be  very  low  (less  than 
5  meters  per  gram  dry  soil),  this  can  be  a  time-consuming  step. 
Soil  containing  high  amounts  of  fungi  are  not  a  problem  because 
increasing  the  dilution  step  is  therefore  not  difficult. 

Soil  pH  can  be  a  problem  with  respect  to  fluorescein  fading. 
Fluorescein  maintains  fluorescence  only  at  alkaline  pH  (above  7.2). 
If  the  pH  of  the  soil  is  6  or  lower,  the  fluorescein  will  fade 
rapidly  and  determining  the  number  or  length  of  stained  organisms 
can  become  more  difficult.  The  pH  of  the  stained  sample  can  be 
raised  by  addition  of  high  pH  agar  solution,  after  staining  is 
completed.  Since  changes  in  pH  could  alter  microbial  activity,  the 
staining  step  must  be  carried  out  at  in  situ  pH.  This  can  be 
assured  by  using  a  dilution  buffer  that  is  of  similar  pH  to  that  of 
the  soil. 

Each  person  performing  measurements  must  be  trained  to  recognize 
fungal  hyphae  and  bacterial  cells.  Either  one  person  should 
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perform  all  readings  or  routine  standardization  of  the  measurements 
must  be  performed  by  all  who  are  involved.  This  is  simplified  by 
the  use  of  a  video  monitor  so  all  those  performing  readings  can 
compare  sizes,  shapes,  and  fluorescence  problems.  Once  any 
operator  has  experience  recognizing  fungi  and  bacteria,  as  compared 
to  extraneous  soil  material,  operator  error  is  usually  less  than 
the  variability  inherent  in  the  field  samples. 

Procedural  limitations  are  based  on  the  need  to  have  as  little  time 
lapse  between  collection  of  samples  from  the  field  and  measurement 
in  the  lab.  The  longer  the  soils  are  held  in  non-realistic 
conditions,  the  more  likely  it  is  that  changes  will  occur  which  do 
not  correspond  to  what  is  occuring  in  the  field. 


VI.  Calculations 

Calculation  of  fungal  and  bacterial  biomass  is  performed  using 
measured  parameters.  First,  hyphal  and  bacterial  biovolume  (in 
cm’)  is  calculated,  by  multiplying  pi  by  radius’  for  cocci,  and  pi 
times  length  times  radius  for  hyphae  and  bacterial  rods,  to 
biomass .  Biomass  is  calculated  by  converting  direct  estimates  of 
bacterial  and  fungal  biovolume  to  biomass  using  hyphal  density 
averages  of  0.41  g/cm’,  and  bacterial  density  averages  of  0.33  g/cm’ 
(Van  Veen  et  al.  1984). 

Biomass  is  converted  from  grams  or  volume  of  sample  to  some  dry 
weight  basis  (i.e.,  per  gram  dary  soil).  If  dilutions  were  used, 
and  if  only  some  portion  of  the  agar  film  was  examined,  the  actual 
volume  of  agar  film  examined  must  be  calculated  and  biomass 
calculated  per  gram  or  volume  of  original  sample. 


VII.  QA/QC 

For  microscopy,  image  analysis  is  routinely  performed.  As  with  any 
analysis  that  requires  morphological  criteria,  these  criteria  are 
routinely  compared  among  the  various  operators  in  the  project. 
Routine  controls  are  checked  to  make  certain  that  bacteria  and 
fungi  do  not  occur  in  sterile  water,  buffers  or  agar. 

Calibrations  of  micrometers  and  grids  are  routinely  made,  although 
in  the  case  of  occular  micrometers,  calibrations  do  not  change 
unless  the  microscope  is  moved.  All  microscopes  are  routinely 
cleaned  and  serviced  by  Bartels  and  Stout,  Inc.,  Portland,  OR. 

Each  sample  taken  for  analysis  will  be  uni^ely  labeled.  For 
example,  each  sample  receives  a  unique  numerical  designator  upon 
receival.  Data  are  recorded  in  standard  lab  notebooks  and 
transferred  into  computer  files  within  two  weeks  of  collection. 
Lotus  or  Symphony  spreadsheet  programs  are  pre-programmed  with  data 
reduction  equations  stored  as  templates  in  data  files.  Data  in 
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computer  files  are  checked  by  the  person  entering  and  by  the 
director  to  ascertain  accuracy  of  entry. 

Statistical  comparisons,  such  as  ANOVA,  correlation  coefficients 
and  regression,  can  be  performed  using  SPSS,  upon  request.  Mean 
separation  of  values  are  determined  by  Least  Significant 
Differences  (LSD)  protected  by  F  significance  (F-protected  LSD). 

Copies  of  the  data  will  be  sent  as  soon  as  all  data  collection  is 
complete.  Updates  of  activity  are  available  on  request  and  the 
file(s)  can  be  obtained  on  computer  disk.  Copies  are  kept  at  Dr. 
Ingham's  private  residence,  with  periodic  up-dates.  Along  with 
maintenance  of  the  original  lab  books,  copies  of  the  data  will  be 
available  in  four  separate  locations.  These  copies  will  be 
archived  in  these  locations. 
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:9-3.5.3  MODfFIED  MEBIUS  PROCEDURE 

29-3.5.3.1  Special  Apparatus. 

1.  Erlenmeyer  flasks  (125  ml)  fitted  with  female  standard-taper  24/40 
ground-glass  joints  (Corning  5000  or  Kimble  26510). 

2.  West  condensers  (30  cm)  fitted  with  male  standard-taper  24/40  ground- 
glass  joints  at  the  lower  end  (Corning  2800  or  Kimble  18190). 

}.  Electric  hot  plate  extraction  unit  (six  plates  per  unit)  fitted  with  in¬ 
dividual  rheostat  controls  (Labconco  60300,  Precision  65500,  Lab-Line 
.Multi-Unit  Extraction  Heater,  or  equivalent). 

19-3.SJ.2  Reagents. 

1.  Potassium  dichromate  solution  (KjCtiOf),  0.5iV:  Dissolve  24.5125  g  of 
KjCcjOt  (oven-dry)  in  200  ml  of  deionized  water,  and  dilute  to  I  liter. 

3.  Sulfuric  acid  (H,SO*),  concentrated,  not  less  than  96<9b. 

3.  Ferrous  ammonium  sulfate  hexahydrate  solution  [Fe(NH4)t(S0.), • 
6H;OI,  O.IiV:  Dissolve  78.390  g  of  Fe(NH.),(SO.)i '61110  in  50  mi  of 
cone  H1SO4,  and  dilute  to  I  liter  with  deionized  water  (must  be  standard¬ 
ized  daily  because  of  slow  oxidation). 

4.  Indicator  solution:  Dissolve  0.100  g  of  /V-phenylanthranilic  acid  and 
0. 107  g  of  sodium  carbonate  (NaiCOi)  in  100  ml  of  water. 

29-3.5.3.3  Procedure.  Weigh  an  amount  of  <  100-mesh  soil  ( S  0.5  g) 
containing  not  greater  than  8  mg  of  organic  C  into  a  125-mi  Erlenmeyer 
flask.  Add  exactly  10  ml  of  0.5/VK,Cr,OT  solution  and  15  ml  of  cone  H,SO. 
lH:SO.  may  be  added  by  burette).  Attach  the  flask  to  the  West  condenser, 
and  place  on  a  preheated  electric  hot  plate.  Include  a  blank  in  each  group  of 
five  soil  samples  to  be  heated  and  at  least  two  unboiled  blanks  (unboiled 
blanks  are  unheated  mixtures  of  10  ml  of  0.5iV  KiCriOT  and  15  ml  of  cone 
H:SO.)  for  each  day  that  analyses  are  performed.  The  normality  of  the 
Fe<NH4):(SO.),'6H,0  solution  is  determined  by  titrating  the  unboiled 
blank.  Gently  boil  each  sample  for  30  min.  and  then  insen  an  asbestos  pad 
between  the  hot  plate  and  bottom  of  the  Erlenmeyer  flask.  Allow  the  flask 
to  cool  for  about  15  min,  and  rinse  the  inside  of  the  condenser  with  de- 
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ionized  water.  Remove  the  flask  from  the  condenser,  and  dilute  the  contents 
to  about  60  ml  with  deionized  water.  Add  about  0.2  mi  of  indicator  solu¬ 
tion.  and  titrate  the  samples,  boiled  blanks,  and  unboiled  blanks  with 
Fe(NH.)j(SO.)i-6HjO  solution  using  a  magnetic  stirrer  and  a  lighted  back¬ 
ground.  The  color  change  at  the  endpoint  is  rapid  and  proceeds  from  violet 
to  gray  to  bright  green.  It  may  be  necessary  to  add  additional  indicator 
solution  near  the  end  of  the  titration  to  sharpen  the  endpoint. 

29-3.5.3.4  Calculations.  The  difference  in  titration  values  between 
the  blank  and  the  sample  is  proportional  to  the  amount  of  organic  C  in  soil. 
The  blank  minus  titration  (B  -  T)  value  must  be  corrected,  however,  for 
the  amount  of  Cr.Ot**  consumed  during  boiling.  The  correction  is  done  by 
titrating  the  unboiled  blank  and  determining  the  normality  of  the  ferrous 
ammonium  sulfate  hexahydrate  solution  from  this  titration.  The  difference 
between  the  unboiled  and  boiled  blank  is  then  divided  by  the  amount  of  fer¬ 
rous  ammonium  sulfate  hexahydrate  solution  required  for  the  unboiled 
blank.  This  correction  value  (in  the  range  of  0.04)  is  multiplied  by  the  B  - 
T  value,  and  the  produa  is  added  to  the  B  -  T  value.  This  gives  a  corrected 
value  A.  or 


(mlyB  "*  DIIbb  \  .  ,  , 

nvluB  '  ■"  Odsinjplc) 

where  UB  is  unboiled  blank,  and  BB  is  boiled  blank. 

Organic  C  concentration  is  then  calculated  by  Eq.  [14]: 

organic  C 

_  (A)  X  [AfofFe(NH.):(SO.),»6H:01  x  (0.003)  x  (lOO) 

~  g  oven-dry  soil 


29-3.5.3.5  Comments.  Interferences  noted  in  Walkley-Black 
procedures  are  also  a  problem  with  the  Mebius  procedure.  However.  :he 
Mebius  method  gives  complete  decomposition  of  organic  C  compounds  and 
Uius  does  not  require  a  factor  to  account  for  incomplete  oxidation  of  or- 
janic  matter.  Organic  C  in  soil  extracts  may  be  estimated  by  the  Mebius 
procedure  merely  by  carrying  out  the  procedure  with  5  ml  of  extraa  and  5 
ml  of  IN  KiCrtOr  solution  instead  of  10  ml  of  0.5N  KrCriO^  solution, 
^en  extracts  are  analyzed,  it  may  be  necessary  to  add  glass  beads  to  pro¬ 
mote  smooth  boiling. 

The  ratio  of  the  volumes  of  KiCriOi  solution  to  HiSO.  is  critical  tor 
accurate  organic  C  measurements.  Therefore,  flasks  should  be  clean  an 
dry,  and  amounts  of  K,Cr,0,  and  H,SO.  added  should  be  accurately  meas¬ 
ured.  The  ferrous  ammonium  sulfate  hexahydrate  solution  must  be  stand- 
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yJutfU  each  day  because  of  slow  oxidation  of  Fe*'  to  Fff'*.  The  KiCriOT 
^jlution  is  the  primary  standard  for  the  procedure,  and  therefore  care 
jiiciuld  be  taken  in  its  preparation. 


Onsite  Soil  Gas  Analysis 


The  following  are  modifications  that  will  be  made  to  the  standard  operating  procedure 
(SOP)  for  onsite  soil  gas  analysis  at  McClellan  AFB.  The  following  sections  refer  to  those 
in  the  SOP.  The  sections  are  being  modified  specifically  for  the  analysis  of  soil  gas 
samples  generated  during  the  pilot  operations  of  the  SVE  system  at  Site  S,  OU  D. 

Section  2.0  Equipment 

The  gas  chromatograph  (GC)  configuration  will  be  a  Hewlett-Packard  5890A  equipped  with 
an  O.I.  PID  and  ELCD  detectors  in  series,  along  with  a  DB-624  capillary  column  connected 
to  a  universal  packed  injection  port.  Data  will  be  collected  by  a  dual  channel  electronic 
integrator. 

Section  4.0  GC  Operating  Conditions 

GC  operating  conditions  will  be  developed  that  will  provide  adequate  separation  of  the 
components  outlined  in  Section  5.1.  Because  of  the  instrumental  configuration,  it  will  only 
be  necessary  to  run  each  sample  once. 

Section  5.1  Initial  Calibration 

Table  E-l  shows  the  target  list  for  this  project  and  the  associated  detection  limit  and 
detector  used  for  quantitation.  Vinyl  chloride  will  be  confirmed  and  quantitated  on  both 
detectors. 

Section  5.2  Daily  Calibration  and  QA  Check 

In  addition  to  the  stated  QC  analysis,  an  audit  sample  provided  by  CH2M  HILL  will  be 
analyzed  each  week.  This  sample  is  to  be  analyzed  and  reported  in  the  same  manner  as 
field  samples. 

In  addition  to  the  changes  outlined  above,  CH2M  HILL  will  require  the  following  to  be 
provided  by  the  operators  of  the  onsite  GC. 

•  Demonstration  of  Capabilities.  This  will  consist  of  analysis  of  an  audit 
sample  provided  by  CH2M  HILL.  The  analysis  may  be  performed  prior  to 
mobilization  to  the  field  or  may  be  completed  in  the  field.  The  results  of 
this  analysis  must  be  within  ±30  percent  of  the  true  value  for  all  analytes 
Field  samples  will  not  be  submitted  to  the  field  lab  until  the  audit  sample  is 
successfully  analyzed. 

•  Final  Data  Deliverable.  This  will  consist  of  providing  a  final  data  package 
to  CH2M  HILL  for  review.  The  data  package  will  include  all  elements 
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shown  in  Table  E-2,  using  the  organizational  structure  outlined  in  Table  E-2. 
The  deliverable  is  due  3  weeks  after  the  analysis  of  the  last  sample  in  the 
field. 


Comparable  Equipment.  Comparable  equipment  must  be  utilized. 

GC  Downtime.  If  GC  downtime  exceeds  48  hours,  samples  may  be  sent 
offsite  for  analysis. 


Table  E-1 

SVE  Onsite  GC  Target  Analyte  List 

Compound 

Detection  Limit  (ppbv) 

Detector 

Freon  12 

10 

ELCD 

Vinyl  Chloride 

10 

ELCD/PID 

1,1-Dichoroethene 

10 

PID 

Freon  113 

10 

ELCD 

1,1-Dichloroethane 

10 

ELCD 

Methylene  Chloride 

10 

ELCD 

cis- 1 ,2-Dichloroethene 

10 

ELCD 

1,1,1  -Trichloroethane 

10 

ELCD 

Benzene 

50 

PID 

Trichloroethene 

10 

ELCD 

Toluene 

50 

PID 

m,p-Xylene 

50 

PID 

o-Xylene 

50 

PID 

Ethylbenzene 

50 

PID 

Chlorobenzene 

10 

PID 

1 ,2,4-Trimethylbenzene 

50 

PID 

1 ,2-Dichlorobenzcne 

10 

ELCD 

CVOR  190/010.51 


2 


Table  E-2 

Onsite  GC  Data  Deliverable  Requirements 

1.  Table  of  Contents 

2.  Cross  reference  table  clearly  identifying  Sample  ID,  Lab  ID,  and  QC  samples; 
should  include  order  of  analysis  identified  by  time  and  date 

3.  Syringe  cleaning  QC-identifying  syringe  batches  with  corresponding  syringe  blank 
results 

4.  QA/QC  Summaries 

a)  Initial  calibration  results 

b)  Continuing  calibration  results  (initial  and  continuing  calibration  information 
should  include  actual  and  expected  concentrations  and  percent  recoveries) 

c)  System  blank  results  for  each  day  of  analysis 

d)  Laboratory  dupUcates  clearly  identified  with  relative  percent  differences 
(RPDs)  calculated 

e)  System  audit  results 

5.  Hard  copies  of  all  raw  data 


CVOR190/010.31 


3 


Attachment  1 


CVOR190/010.J1 


RADIAN 


RADIAN  SOP  FOR  ON-SITE  SOIL  GAS  ANALYSIS 
FOR  THE  McClellan  ou  b  ri,  October  1991  through  march  1992 

1.0  purpose 

The  purpose  of  this  Standard  Operating  Procedures  (SOP)  is  to  describe 
the  protocol  for  analyzing  soil  gas  samples  on  site  using  a  HP-5890  II  gas  chromatograph 
(GC)  with  capillary  column  and  phoioionization  deteaor/electron  capture  deteaor 
(PID/ECD). 

2.0  EQUIPMENT 

•  Hewlett  Packard  5890  series  II  GC  (2)  with  PID  and  ECD 
detectors. 

•  Hewlett  Packard  3396  integrator  (2). 

•  Glass  50  cc  syringe  with  1-Vit  inch  S.S.  luer  lok  needle  and 
interchangeable  ground  glass  barrel.  Popper  &  Sons. 

•  Pressure  Lok  A-2  gas  tight  syringe,  250  nL  (2),  AUtech  &, 
Associates,  05003 L 

•  Mininert  Teflon*  on/off  valve  with  luer  lok  fitting.  Alltech  & 
Associates,  65405  L 

•  DB  624  capillary  column,  30  m  x  0.53  mm  (2),  Curtis  Matheson 
SdenL,  256-434. 

•  Syringe  cleaning  oven  capable  of  maintaining  160“C  ±5®. 
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3.0  GAS  STANDARDS 

•  Aromatic  hydrocarboa  gas  standard  containing  100  ppmv  each  of 
benzene,  toluene,  o-xylene,  and  p-xylene  in  UHP  nitrogen,  140  cubic 
feet,  Scott  Specialty  Gas. 

•  Chlorinated  hydrocarbon  gas  standard  containing  2  ppmv  each  of 
cis-l,2-dichloroethene,  trans-l,2-dichloroethene,  chloroform,  1,1,1- 
trichloroethane,  trichloroethene,  and  tetrachloroethene  in  UHP 
nitrogen,  140  cubic  feet,  Scott  Specialty  Gas. 

,  •  A  Scott  Specialty  Gas  single  component  gas  standard  containing  10 
ppmv  of  vinyl  chloride  in  UHP  N,. 

•  Working  standards  are  prepared  from  the  Scott  Specialty  Gas 
standards  in  low  pressure  15  L  stainless  steel  canisters.  The  working 
standards  are  prepared  by  Radian  Austin’s  QA  group  by  dilution 
with  UHP  Nj,  The  halogenated  hydrocarbons  are  100  ppbv  in  the 
canister  standard.  Vinyl  chloride  and  aromatic  hydrocarbons  are 
500  ppbv  in  the  canister  standard. 

4.0  GC  OPERATING  CONDITIONS 

Operating  parameters  on  the  HP5890  PID/ECD  are  as  follows: 

•  Injection  temp:  150"C 

•  Detector  temp:  PID/175’C;  ECD/300“C 

•  Column  oven  temp: 

PIP  Tnitial  temperature  35®C  for  12  minutes. 

Temperature  ramp  rate  15“C/minute 
Final  temperature  75^C,  hold  5  minutes 
£02  35*C  isothermal 
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5.0 

5.1 


•  Carrier  gas  flow:  Nj,  10  ml/minute 

•  Makeup  gas  flow:  N,,  ECD/40  ml/ minute 

CALIBRATION 

Initial  Calibration 


The  HP5890  PID  and  ECD  will  be  calibrated  by  injecting  250  ul  of 
Nitrogen  and  three  different  volumes  (250  lA,  100  ^\,  and  50  lA)  of  a 
canister  gas  standard  containing: 


Vinyl  chloride 

500 

ECD/PIB 

cis/trans-l,2-DCE 

200 

PID 

Chloroform 

100 

ECD 

1,L1-TCA 

100 

ECD 

TCE 

100 

ECD 

PCE 

100 

ECD 

Benzene 

500 

PID 

Toluene 

500 

PID 

p-Xyiene 

500 

PID 

o-Xyiene 

500 

PID 

Nitrogen 

Balance 

— 

•  A  retennoii  rime  (RT)  for  each  calibrated  peak  is  entered  into  the 
integrator  used  for  that  compound/ detector. 

•  A  RT  window  of  four  percent  is  entered  into  the  integrator  for 
identification  of  calibrated  compounds  in  the  field  samples. 


•  Using  the  data  from  the  four  standard  concentrations  above,  a  linear 
regression  is  calculated  for  each  of  the  calibrated  compounds  by 
plotting  area  versus  concentration. 
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•  A  correlation  coefficient  of  0.990  or  better  must  be  achieved  for  ( 
each  analyte  or  the  calibration  is  repeated. 

•  The  slope  for  the  linear  regression  is  entered  into  the  integrator  for 
each  compound  and  is  used  as  the  response  factor  (RF). 

•  The  intercept  from  the  linear  regression  line  is  assumed  to 
contribute  a  neglig-'-'le  amount  to  the  final  concentration  for  field 
screening.  The  absolute  value  of  the  intercept  should  be  less  than 
3.0  for  halogenated  compounds  and  aromatic  compounds  or  the 
concentration  of  the  analyte  in  the  field  samples  must  be  calculated 
using  the  slope  and  intercept.  Each  time  a  new  multi-point 
calibration  is  performed,  the  value  of  the  intercept  is  checked  and 
documented  in  the  logbook. 

•  The  intercept  from  the  linear  regression  is  also  used  by  the  GC 

operator  to  determine  if  the  sensitivity  of  the  instrument  is 
inaeasing  or  deaeasing.  ^ 

•  If  the  intercept  for  a  compound  increases  by  more  than  fifty  percent 
from  *he  previous  multi-point  calibration  ±e  system  is  checked  for 

and  plugs. 

Daily  Calibration  and  QC  Check 

•  The  daily  calibration  check  standard  is  analyzed  at  the  beginning  of 
every  ai^Iysis  day  that  the  multi-point  calibration  is  not  performed. 

•  The  calibration  check  standard  is  a  100  fA  mixture  of  the  analytes  of 
interest  (40  ppbv  of  halogenated  hydrocarbons  and  200  ppbv  of 
aromatic  hydrocarbons  and  vinyl  chloride). 

•  The  recoveries  of  each  analyte  should  be  within  ±  30  percent  of  the 
true  value.  If  the  recovery  of  one  analyte  exceeds  the  ±30  percent 
criteria  bur  is  less  than  ±50  percent  recovery,  sample  analysis  may 
proceed  and  all  samples  analyzed  that  day  containing  that  analyte  { 
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must  be  flagged  with  a  ‘Q".  If  more  than  one  component  of  the 
calibration  check  standard  does  not  meet  this  criteria  or  if  any 
component  exceeds  ±50  percent  recovery,  the  standard  is  rejected. 

If  the  second  calibration  check  standard  does  not  meet  the  criteria, 
corrective  action  must  be  taken  and/or  a  new  multi-point  calibration 
must  be  analyzed. 

•  At  the  end  of  the  day,  a  mid-level  calibration  standard  is  injected 
and  the  percent  recovery  is  calculated  for  each  calibrated 
compound.  If  any  analyte  in  the  QC  check  sample  varies  from  the 
true  value  by  more  than  30  percent,  all  results  are  flagged  with  "Q" 
for  the  analyte. 

SAMPLE  ANALYSES 

•  A  50  cc  glass  sampling  syringe  is  delivered  to  the  laboratory  wi±  a 
chain-of-custody  form. 

•  The  operator  signs  the  chain-of-custody  and  records  the  dme. 

•  A  250  miaoliter  aliquot  is  taken  from  the  SO  cc  syringe  and  injected 
into  the  GC  A  smaller  aliquot  is  injected  if  the  OVM  reading 
exceeds  ambient  levels  as  indicated  on  the  chain-of-custody.  The 
sample  identification  number,  amount  injected,  date,  and  nm 
number  are  recorded  in  a  bound  instrument  logbook. 

•  After  the  end  of  the  run,  the  operator  enters  the  results  for 
calibrated  compounds  on  the  Analytical  Results  Summary  Sheet 

•  Results  for  any  unidentified  compounds  are  calculated  using  the  RF 
for  the  calibrated  compound  closest  in  retention  time  to  the  peak  of 
the  unknown  compound.  The  result  is  entered  on  the  Analytical 
Results  Summary  Sheet  along  with  the  identity  of  the  closest 
calibrated  compound. 
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If  any  calibrated  compounds  are  above  the  calibrated  concentration 
range,  a  second  injection  is  made  at  a  reduced  volume.  If  a  sample 
is  injected  at  the  lowest  dilution  (25  uL),  and  the  concentration  of  a 
compound  still  exceeds  the  calibration  range,  the  value  is  flagged 
with  an  "E". 

All  analyses  are  completed  within  a  4-hour  holding  time. 

The  250  microliter  syringe  is  purged  with  ambient  air  in  between 
samples  and  a  250  microliter  sample  of  air  is  injeaed  following  high 
level  samples  ( >  50  ppbv  on  ECD  or  >  250  ppbv  on  FED). 


BLANKS 


System  Blank 


A  system  blank  is  analyzed  daily. 

An  injection  is  made  with  a  250  miaoliter  aliquot  of  UHF  N^.  This 
injection  should  be  less  than  5  ppbv  for  all  halogenated  compounds 
and  less  than  25  ppbv  for  all  aromatic  compounds.  This  prepares 
the  GC  for  analysis  of  the  held  blank. 


Field  Blank 


A  field  blaxik  (or  equipment  blank)  is  analyzed  daily. 

A  50  cc  sampling  syringe  is  selected  at  random  from  the  batch 
cleaned  the  previous  night  and  given  to  the  held  crew  to  use  for  the 
field  blank. 

The  field  blank  is  run  immediately  after  the  system  blank  by 
injecting  a  250  microliter  aliquoL  The  field  blank  should  be  less 
than  10  ppbv  for  halogenated  compounds  and  less  than  SO  ppbv  for 
aromatic  compounds. 
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•  If  the  field  blank  exceeds  ±ese  concentrations,  the  field  task  leader 
is  notified  and  another  field  blank  is  coileaed.  If  the  second  field 
blank  does  not  meet  the  criteria,  all  data  for  that  day  containing  the 
analyte(s)  which  did  not  meet  the  criteria  are  flagged  with  an  "FB". 
Corrective  action  must  be  taken  before  the  next  sampling  day. 

7,3  Ambient  Blank 

•  A  250  microliter  aliquot  of  ambient  air  is  taken  from  the  on-site  lab 
or  a  sampling  site  and  analy7ed-  An  ambient  blank  is  collected 
when  contamination  from  ambient  air,  either  during  analysis  or 
sampling,  is  suspeaed. 

8.0  DUPLICAIE  INJECTIONS 

•  Every  five  samples,  a  duplicate  sample  is  taken  from  the  50  cc 
sampling  syringe  for  injection  into  the  GC  to  monitor  analytical 
reproducibility. 

•  If  the  relative  percent  difference  is  greater  than  30  percent  for 
analytes  within  the  cahbration  range,  the  GC  system  is  checked  for 
leaks  or  plugs  and  a  third  aliquot  is  injeaed.  If  the  RFD  of  the 
third  aliquot  is  greater  than  30  percent,  the  next  sample  is  analyzed 
in  duplicate  similarly.  If  the  RPD  of  those  duplicates  are  greater 
than  30  percent,  corrective  acdon  most  be  taken  before  sample 
analysis  can  proceed. 

9.0  DETECTION  LIMIT  STUDY 

A  detection  limit  study  is  performed  at  the  begmning  of  each  soil  gas 
sampling  and  analysia  projea  by  analyzing  a  low-level  mixed  standard  seven  times.  The 
method  detection  limit  is  calculated  by  muitiplyiag  the  standard  deviation  of  the 
replicates  for  each  analyte  by  three.  This  method  is  outlined  in  Appendix  B,  Pan  136  of 
the  Federal  Register  40  CFR.  Values  will  not  be  reported  below  the  detection  limiL 
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10.0  SHUTDOWN  FOR  OVERNIGHT 

•  The  column  is  cooled  to  35*  C  and  the  septa  are  replaced  in  the 
injection  port  of  each  GC. 

•  The  column  is  heated  to  125*  C  for  overnight  bakeouL 

•  Used  50  cc  sampling  syringes  are  disassembled  and  put  in  the 
syringe  cleaning  oven  at  160*  C  for  decontamination. 

11.0  CORRECTIVE  ACTIONS  AND  PREVENTATIVE  MAINTENANCE 

11.1  Leak'Checldng  the  Sampling  Syringe 

At  the  end  of  the  GC  run,  the  50  cc  sampling  syringe  is  checked  for  leaks 
or  plugs  by  the  following  procedure. 

•  The  mim'nen  valve  is  opened  and  the  plunger  is  pushed  forward  to 
e;q)el  soil  gas  from  the  needle.  This  is  done  in  a  well  ventilated 
area. 

•  If  excess  resistance  is  encountered  the  mininen  valve  and  stainless 
steel  needle  are  inspected  for  plugs.  This  is  noted  in  the  logbook 
and  on  the  Analytical  Results  Summary  Sheet  for  the  sample. 

•  If  the  nuninen  valve  fits  loosefy  on  the  50  cc  syringe  it  is  discarded. 
This  is  noted  on  the  Analytical  Results  Summary  SheeL 

1L2  Changing  Iidectioa  Port  Septum 

•  The  injection  port  septum  is  changed  at  the  end  of  each  day  to 
allow  overnight  conditioning. 

•  If  the  RTs  of  calibrated  compounds  shift  by  more  than  0.08  and  the 
air  peak  also  shifts,  the  septum  is  changed  before  running  any  more 
samples. 


gc-iop(04)/l01091/jTl 


8 


RADIAN 


11-3  Gas  Purifying  Filter 

•  If  the  background  signal  from  the  PID/ECD  detector  suddenly 
changes  and  no  leaks  are  found,  a  new  gas  purifying  61ter  is 
installed  in  the  carrier  gas  line. 

1L4  Downtime  on  GCs 

•  If  one  of  the  GCs  cannot  be  calibrated  due  to  an  instrument 
malfunction,  an  emergency  (24  hotir)  service  visit  will  be  requested 
from  U.S.  Analytical  Instruments. 

•  If  downtime  is  projected  to  exceed  48  hours  a  backup  HP5890 
ECD/FID  from  the  Radian  office  will  be  brought  on  site. 

•  A  spare  10.6  EV  lamp  for  each  PID  detector  will  be  on-site  to 
minimize  downtime  from  lamp  burnout 

12.0  REPORT  FLAGS 

The  following  flag<  will  be  used  on  the  Analytical  Results  Summary  Sheet 
to  qualify  data.  These  flags  maybe  entered  by  the  analyst  or  a  member  of  the  QA  staff 
who  reviews  the  data.  A  comment  is  included  on  the  Analytical  Results  Summary  Sheet 
by  the  analyst  if  nmimal  drcomstances  are  encountered  or  further  explanation  may  be 
helpful  in  asse.vsing  the  quality  of  the  data. 
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^  REPORT  FLAG  DEFINITIONS  FOR  DOWNHOLE  SOIL  GAS 

( 

I 

i  FB  =  Deteaed  in  field  blank  at  similar  concentration 

B  =  Detected  in  system  blank  at  similar  concentration 

G  -  Indicates  an  estimated  value  due  to  GC  interferences 

PL  =  Duplicate  injection  RFD  outside  control  limits 
NA  =  Not  analyzed 

ND  =  Not  detected  at  specified  detection  limit 
E  =  Value  exceeds  the  calibration  range 

Q  =  Lower  accuracy  than  expected  evidenced  by  calibration  or  QC  check  standard 
outside  quality  control  limits 

Y  =  Value  suspect  due  to  plugged  or  leaking  sampling  syringe. 

1  J  -  Estimated  value  of  tentatively  identified  compound. 

PF  =  Duplicate  field  sample  RPD  outside  control  limits. 

I  @  a  Results  are  less  than  five  times  the  method  detection  limiL 


McClellan  AFB  SVE  Treatability  Investigation 
Summa  Canister  Analysis 


BACKGROUND 

•A 

CH2M,HILL  is  currently  under  contract  with  McQcilan  Air  Force  Base  in  Sacramento, 
California'  to  perform  a  soil  vapor  extraction  (SVE)  treatability  investigation  at  the  base.  Wells 
and  piezometers  are  currently  being  installed  as  part  of  the  work.  Following  well  installation, 
air  peimeability  tests  will  be  conducted  to  aid  in  the  design  of  a  pilot-scale  SVE  system.  Soil 
gas  samples  of  the  off-gas  will  be  collected  during  the  air  permeability  testing  and  analyzed  by 
a  contract  laboratory  in  accordance  with  modified  EPA  Method  TO- 14,  ’Determinarion  of 
Volatile  Organic  Compounds  (VOC’s)  in  Ambient  Air  Using  SUMMA  Passivated  Canister 
Sampling  and  Gas  Chromatography  Analysis".  Modification  of  method  TO-14  shall  consist  of 
the  quantification  of  Total  Petroleum  Hydrocarbon  (TPH)  as  gasoline.  CH2M  HELL  is 
requesting  quotes  to  perform  the  analytical  testing. 

REQUIREMENTS 

The  selected  laboratory  will  be  required  to  supply  sixteen  15-liier  SUMMA  passivated  canisten 
prepared  and  evaluated  to  EPA  TO-14  specifications.  The  cost  to  prepare  and  ship  the  canisters 
to  CH2M  hill’s  Sacramento  California  office  shall  be  included  in  the  price  quote  for  each 
sample  analysis.  Each  canister  shall  be  cleaned,  evaluated  and  evacuated  in  the  laboratory  in 
accordance  with  method  TO-14.  All  canisters  and  sampling  equipment  to  be  used  on  the  project 
shall  be  pre-screened  and  verified  clean  to  a  level  of  <0.2  ppbv  of  any  target  analyte  species  or 
.20  ppbv  total  chromaiographical  organics.  After  cleaning  and  evaluation,  and  prior  to  shipment, 
each  cai^ter  shall  be  evacuated  to  a  level  of  at  least  -27  inches  Hg  and  the  absolute  pressure 
recorded.  Verification  of  required  cleaning  limits  shall  be  submitted  with  the  canisters. 

At  least  six  pre-cleaned  (as  per  TO-14)  and  calibrated  flow  controllers  shall  be  supplied  with  the 
canisters.  The  flow  rate  for  the  controllers  shall  be  pre-set  to  deliver  80  percent  of  the  canister 
volume  in  30  minutes.  A  staiidess  steel  7  micron  filter  shall  be  attached  to  each  flow  controller 
prior  to  shipment  to  remove^  particulate  material  in  the  gas  stream  prior  to  the  gas  entering  the 
caiuster. 

Six  stainless  steel  sample  probes  shall  be  supplied  to  allow  extraction  of  the  sample  gas  from 
each  source  to  the  canister.  The  probes  shall  be  sized  to  fit  the  flow  controllers  and  canister 
assemblies.  Each  probe  length  shall  be  no  less  than  three  feec 

Gas  collection  will  be  performed  at  McQellan  AFB  by  (rH2M  HILL  personnel.  It  is  anticipated 


that  sampling  will  take  place  between  June  24  and  29.  1991.  At  the  conclusion  of  the  desired 
sample  period,  or  when  the  canister  pressure  reaches  approximately  -8  inches  Hg.  sampling  will 
be  discontinued.  Following  sample  collection,  the  canisters  will  be  returned  to  the  laboratory  for 
analysis.  The  original  laboratory  shipping  containers  will  be,  used  to  return  the  canisters  to  the 
laboratory  via  Federal  Express. 

Upon  arrival  at  the  laboratory,  the  canister  sample  information  shall  be  recorded  from  the  Chain 
of  Custody  form  and  logged  into  the  laboratory  sample  tracking  system.  Samples  shall  then  be 
tested  in  accordance  with  EPA  Method  TO- 14  as  modified  to  quantify  TPH.  For  the  purposes 
of  the  quote,  assume  that  at  least  13  of  the  16  canisters  will  require  modified  TO-14  testing.  Up 
to  3  of  the  canisters  may  be  returned  to  laboratory  unused.  The  analysis  shall  be  conducted  using 
the  GC/MS  (SIM)  option  of  detection  and  reporting,  or  whatever  detector  scries  the  laboratory 
proposes  to  quantify  the  target  analytes  shown  on  Table  1.  Quantitation  limits  for  GC/MS  (SIM) 
shall  be' 0.2  ppbv.  If  an  alternate  detector  scries  is  proposed,  then  the  laboratory  shall  provide 
the  associated  quantitation  limit  with  its  quotation.  GC/MS  (full  scan)  will  also  be  required  to 
identify  and  quantitate  the  top  10  TICs  and  for  quantifying  TPH  as  gasoline.  Quantitation  limits 
■for  GC/MS  (full  scan)  shall  be  1.0  ppbv.  If  an  alternative  detector  series  for  quantification  of 
TPH  as  gasoline  is  proposed,  then  the  la'ooratory  shall  provide  a  description  of  associated 
detectors  and  methodology  with  its  quotation.  Laboratory  level  1  QA/QC  procedures  and 
validation  shall  be  followed  for  all  laboratory  testing. 

INFORMATION. TO  BE  SUBMITTED  WITH  LABORATORY  QUOTE 

✓ 

To  be  considered  responsive  to  this  request  for  quote,  a  signed  copy  of  the  attached  Agreement 
for  Professional  Services  must  be  returned  to  CH2M  HILL  by  3:00  p.m.,  June  20,  1991.  A  fax 
copy  may  be  transrained,  followed  by  a  mailed  copy.  All  correspondence  should  be  addressed 
to  : 

CH2M  HILL 

2300  N.W.  Walnut  Blvd. 

Corvallis,  Oregon  97339 
Attention:  Mr.  Joseph  Danko 

Attachments  A  (Compensation)  and  B  (Certifications  and  Representations)  must  be  completed 
and  renimed  with  the  signed  Standard  Agreement  for  Proicssional  Services. 


TABLE  1 

TO-14  Analyte  List 

Freon  12 
Fraon  iu 
Chioromathane 
Vinyl  Chlofida 
Bromomathana 
Chloroethana 
Freon  1 1 

1,1*Oichloroathana 
Fraon  113 
Methylene  Chloride 
■■  1,1-Olchloroethane 
cIs-1,2-Dlchloro9than8 
Chloroform  .  '  •  , 

1,1.1-TrlchIoroafhane 
Carbon  Tetrachloride 
Benzene 

1.2- OIchloraathana 
Trfchlorcethene 
1.2*Olchloroprapana 
trans‘1  .S-Olehloropropane 
Toluene 

ofs-1 .3>0(chforopropene 
1 , 1 ,2*Tr{chlaroa(hana 
Tatrachforoethana 
Ethylana  Obromlda 
Chlorobanzana 
Ethyl  Benzene 
tTi,p-Xylane 
•  o-Xylene 
.  Styrana 

1 .1  >2  jS-Tatrachloroathana 
1 ,3,S-Tf1m8thyibanzena  • 

1  .Z4-7rimathyibanzana 
1.3'Olchlorobanzana 
1 , 40lchiorobanzene 
Chlorotsluana 

1 .2- Olchlorcbanzana 

1 ,2,4-Trichlorcb9nzana 

■hninS  ~  DieWaroCtl>«v>C 
Total  Patroieum  Hydrocarbons 


334  Methodi  (oc  Oetefmlnttion  o(  Toxic  OiQtnlc  Compoundi  in  All 


336  Methods  for  Determination  of  Toxic  Organic  Compounds  in  Air  I  Method  T0J2  337 


Isolation  of  selecttiJ  components  for  subsequent  enaljrsfs*  T  solenoid  valve  (Skinner  Haqnclatch  Valve, 


338  Meinods  for  Determination  ol  Toxic  Organic  Compouruli  in  Air 


.1.2  MtnItaU  •  ttalnlati  ttttl  Mntfold  tilth  lonnecllont 
for  ilauUanaoutljr  cltiAlog  taviril  cinliteri. 


>t*lnl(si  lUtl  dliphrM  rrgulitsri  vicft  prciiurt  9<ugti,  tripping  i4icn  using  prtisurlitd  onlsttrs. 

for  htilua,  «lr,  and  h/drogin  cylindiri.  f.4.W  Rotaneter  •  to  aerify  aent  flow. 

Preiiuri  regulators  -  optional  single  stage,  stainless 
steel,  ulth  pressure  gauge,  If  needed,  to  aMintatn 
constant  helliie  carrier  and  hydrogen  flow  rates. 


342  Melhodi  lor  Ottermination  ol  Toxic  Organic  Compoundt  in  Air 


laboratary  anaiyili 

Ability  to  Ihip  and  itort  tanpict.  If  nacetiary 


hit  itmplt  to  fill  ond  pritiurlit  tht  tmpl*  c(nlttcr(t). 
loth  purhpt  should  be  ihock-aounted  to  ■Inlaitt  vibrttlon. 
'rlor  to  field  use,  each  sMpllnp  tyttca  should  be  leek 


346  Methods  for  Determination  of  Toxic  Organic  Compounds  in  Air  I  Method  T012  347 


1 


Culittil  non  rut  Into  l.'o  ctnlittr(i)  a«tr  tho  Ootlrid  ‘K*  non-conto«ln4t»<l  ttmpllnt  i/itea,  b/  »*/  of  tbo 

itivlo  porlod.  A  30-g<u«o  nyp'dtroiU  nocolo,  l.S  ca  loltnold  for  laaplo  collection. 


I 


(tit  Fl9uri  1)  ind  Ink  chtckid. 


352  Methods  for  Oetermirxiion  of  Toxic  Organic  Compounds  In  Air  I  Method  T012  353 


n.N..  .....  .,r  .n  .ppr.pri.s.  sr.p  ri«.  gr  so-loo  ,h,  cry09.ntc  liquid  should  r»..ln  conit.ot  -llh 

Nolt:  fht  riM  «ni  t)i  Iwtr  Utir,  th«  tr.p  <nd  should  coi>pUUly  covtr  Iht 

trip  Is  cold.  besded  portion  of  the  trep. 


could  hoi^ir  iccurol*  Intciritlon.  Jom  InUttI  tapi 
latAtatlon  aay  b«  nictiiory  to  dcttniint  tht  optlxl 
heating  proetduro  for  oich  systen.  Once  ostahllthcd, 
the  proccdurt  ihould  be  contlittnl  (or  eech  enelytli 
et  outlined  In  the  uter-prepired  SOP  Henuel. 


bt  driven  Into  teturttlon  <t  the  upper  end  of  the 
Cillbretlon.  Seturetlon  of  the  electroneter  mty  be 
Indicitcd  by  flittenlnp  of  the  cillbritlon  curve  <t 


pui>p  tnd  t  criticil  orWIc*,  With  th«  tin-port  ««lvt  btlng 
ixItchtW  to  tho  iMipIo  poiltlOA  Tor  i  nttiuroO  tloo  porloO. 


362  Methods  lor  Octcrminalion  of  Toxic  Organic  Compounds  in  Air  I  Method  T012  363 


364  M«lhod»  lor  Determination  o»  Toxic  Oi9«nic  Compounds  In  Air  Method  TO  1 2  365 


FIGURE  4.  FILTER  AND  HYPODERMIC  NEEDLE 

ASSEMBLY  FOR  SAMPLE  INLET  FLOW 
CONTROL 


366  M«ihods  tor  Deierminilion  ol  Toxic  Orginic  Compounds  in  Air  I  Method  T012  367 


FIGURE  5.  CANISTER  CLEANING  SYSTEM 


368  Methods  for  Determineiion  of  Toxic  Organic  Compounds  in  Air  |  Method  T0t2  369 
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Table  5. — Minimum  flEQuifiEMENTS  for 
Initial  ano  Oailt  CAuaRAnoN  Re¬ 
sponse  Factors— Continued 


1  Reuowe  raseonse  lacton 

Ccii'oound 

Irnaai 

eaub'snon 

RSO 

CaiN 

caMvaaon  N 
Cttaranea 

Alternate 

SiencaeCt 

I.2.3.7.8.9. 
MeCOF _ 

1  ** 

2S 

•  •  • 

•  • 

Method  2^— Determination  of  Hydrojea 
CJoride  Effliseions  From  Stadoiuiiy  Sources 

1.  AppIIesbility,  Prir.eiple.  Interferences. 
Precisian.  Bias,  and  Stability 
LI  Applicability.  This  method  is 
applicable  for  determining  hydrogen  chloride 
(HCl)  emissions  from  stationary  sources. 

12  Prindpie.  An  integrated  sample  is 
extracted  from  the  stack  and  passed  through 
dilute  sulfuric  add.  In  the  dilute  add.  the 
HCl  gas  ia  dissolved  and  forms  chloride 
(Cl'l  ioiu.  The  Cl*  is  analyzed  by  ion 
chromatography  (IQ. 


U  Interferences  Volatile  aaterials 
which  produce  diionde  ions  upon  dissolution 
during  sampling  are  obvious  interferences. 
Another  likely  interferent  is  diatomic  chionr.e 
(ClsI  gas  which  reacts  to  fora  HCl  and 
hypochioroQs  sdd  (HOCl)  upon  dissolving  in 
water.  However.  C2«  gas  exhibits  a  low 
solubility  in  water  and  the  use  of  acidic, 
rather  than  neucol  or  basic  collection 
solutions,  greatly  reduces  the  chance  of 
dissolving  any  chlorine  present  This  method 
doee  not  experience  a  significant  bias  when 
sampling  a  400  ppm  UCl  gas  stream 
containing  SO  ppm  Cl*.  Sampling  •  220  ppm 
HCI  gas  stream  containing  180  ppm  Cl* 
results  in  a  positive  bias  of  3.4  percent  in  the 
HCl  ineaauremenL 

1.4  Pmdsion  and  Bias.  The  within, 
laboratory  relative  standard  deviations  are 
8.2  end  3.2  percent  at  HCl  esneeacations  of 
3.9  and  ISJ  ppm.  tcspactively.  The  method 
does  not  exhibit  •  btae  to  Cl*  when  sampling 
•I  caccenntions  less  than  SO  ppm. 

U  Stability.  Tha  collected  samples  can 
be  stored  for  up  to  4  weeks  before  analysis. 

1.8  Detection  LimiL  The  analytical 
detection  Iggit  of  the  method  is  0.1  pz/mL 

Z  Apparatus 

2.1  Sampling.  The  sampling  train  is  shown 
In  rtguie  2S^L  and  component  parts  are 
discussed  below. 


2.1.1  Probe.  Borosilicaie  glass. 

•  pproximatsly  H-in.  (9-m.T.l  LO.  wit.';  * 
heating  syste.m  to  prevent  moisture 
condensetiua.  A  I.D.  Tefion  elbow 
should  be  titached  to  the  iniet  of  tne  pro 
and  a  l-in.  (23-mml  [e.-igih  uf  LD.  T 
tubing  should  be  aiiached  to  the  ope.o  er. 
the  tibow  to  permit  ‘he  opening  of  he  pr 
to  be  turned  away  tom  the  gas  stream.  T 
reduces  the  ameunt  cf  parucuiate  enter.- 
the  3ain.  This  probe  caniiguracon  thouiw 
used  when  the  coscentranon  of  pammiia 
matter  in  the  emissions  is  high.  When  hic 
concenmaaons  arc  not  presenL  the  Tef.cr 
elbow  IS  not  necessary,  end  the  probe  in: 
may  be  perpendicular  to  the  gas  stream. . 
glass  wool  plug  sbouid  .tot  be  used  to  retr 
particulate  matter  sunce  a  oegative  bias  ir 
data  could  .*esuiL  Instead,  e  Tct'ion  titer 
Secaon  2.I.S)  should  be  mstailed  at  the  x. 
(for  stack  temperatures  <300  *F^  or  outlet 
stack  temperatures  >300  *r]  of  the  pro 

2.1.2  T^e-wey  Stopcock.  A  borosii.i 
three-way  glass  stcpco^  with  a  heati.-.g 
system  to  prevent  soisRire  ccndensaitor. 
The  heated  stopcock  sbeuid  connect  dire 
to  the  oudet  of  die  probe  and  the  inlet  of  - 
first  impinger.  The  heating  system  should 
capable  of  prevendng  eondensadon  up  tc 
inlet  of  die  first  impinger.  Silicone  grease 
be  used,  if  necessary,  to  prevent  leakage. 


biluno  esos  «sea-w-M 
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Rgur6  26-1.  Sampling  train. 
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2.1.3  Impmgerj.  Four  30-mI  midget 
iir.pingen  with  leak-free  glass  connectors. 
Silicone  grease  may  be  used,  if  necessary,  to 
prevent  leakage.  For  sampling  at  high 
moisture  sources  or  for  sampling  ames 
greater  than  1  hour,  a  midget  icipinger  with  a 
shortened  stem  (such  that  the  gas  sample 
does  not  bubble  through  the  collected 
condensate)  should  be  used  in  front  of  the 
first  impinger. 

2.1.4  Drying  Tube  or  Impinger.  Tube  or 
impinger.  of  Mae  West  design,  filled  with  5- 
to  Ift-fflcsh  Indicating  type  silica  gtL  or 
tguivalant.  to  dry  the  gas  sample  and  to 
protect  the  dry  gas  meter  and  pump.  If  the 
silica  gel  has  been  used  previously,  dry  at  173 
*C  (330  *F1  for  2  hours.  New  silica  gel  may  be 
used  aa  received.  Alternatively,  other  types 
of  desiccants  (equivalent  or  better)  may  be 
used. 

2.U  Filter.  A  2S-cm  Teflon  mat.  Pallfie.c 
TX-iOH173  or  equivalent.  Locate  between  the 
probe  liner  and  Teflon  elbow  in  a  glass  or 
quara  filter  bolder  m  a  filter  box  heated  to 
230 ‘F. 

2.1.5  Sample  Line.  Leak-free,  with 
compatible  fitnngs  to  connect  the  last 
impinger  to  the  needle  valve. 

2.1.7  Rate  Meter.  Rotameter,  or 
equivalent,  capable  of  measuring  flow  rata  to 
within  2  percent  of  die  selected  fiow  rate  of  2 
liters/min. 

2.1.3  Pu^c  Pump.  Purge  Line.  Drying 
Tube.  Needle  Valve,  and  Rate  .Meter.  Pump 
capable  of  purging  the  sampling  probe  et  2 
Utars/min.  with  drying  tube,  filled  with  silica 
gel  or  equivalent,  to  protect  pump,  and  a  rata 
meter  capable  of  measuring  0  to  3  Utars/min. 

2.1J  Stopcock  Crease.  Valve.  Pump. 
Volume  Meter.  Barccetcr.  and  Vacuum 
Gauge.  Same  as  in  Method  a.  Secdona  2.1.4. 
1X7.  IXX  2.1.:a  2.1.11.  and  2.1.12. 

22  Semple  Rcccvery. 

2.2.1  Wash  Bottles.  Polyathylcsa  or  glass. 
SOO-mi  or  larger,  two. 

222  Storage  Bottles.  ICO-inl  glass,  with 
T:flan*lined  Uds.  to  store  impinger  samples 
(two  par  sampling  run).  During  clean-up.  the  . 
two  ^nt  sspingtr  contents  (ai  .N  HiSO«] 
should  be  combmsd.  The  contants  of  the  two 
rear  impinger  (ai  N  NaOH)  may  be 
diacaidiKL  as  dtsse  soluaoas  are  included 
only  to  absorb  Cli.  and  thus  protect  the 
pump. 

22  Sample  Preparatian  and  Analysis.  The 
materials  required  for  volumetric  diludon  and 
chromatographic  analysis  of  samples  are 
desenbed  below. 

22.1  Volumetric  flasks.  Casa  A.  IOOhdI 
size. 

222  Voiumetne  Pipets.  Cass  A. 
asaortmant  To  dilute  samples  into  the 
calibration  range  of  tha  instrument. 

222  loo  Chroma  xgraph.  Suppressed  or 
Bonauppressed.  witlra  conductivity  detector 


and  ciecmsnic  integrator  operating  in  die 
peak  area  code.  Other  detectors,  stnp  char; 
recorders,  and  peak  height  measurements 
may  be  used  provided  the  S  percent 
repeatability  cr.tena  for  sample  analysts  and 
the  Useanty  citena  for  the  calibraoon  cur/e 
can  be  met. 

2  Ricgents 

Unless  otherwise  indicated,  ail  reagents 
must  conform  to  the  specifications 
established  by  the  Committee  on  Analytical 
Raagenu  of  tha  American  Chemical  Sociery 
(ACS  raagem  grade).  When  such 
specncacons  are  not  avaUable.  the  best 
available  grade  shall  be  used. 

3.1.  Sampling. 

3.1.1  Water.  Deionized,  distilled  water 
that  conforms  to  A5TM  Specification  D  1193- 
77.  Type  3. 

X12  Absorbmg  solution.  0.1  N  Sulfuric 
Acid  (HiSO.).  To  prepare  100  ml  of  tha 
absorbing  solution  for  the  front  impinger  pair, 
slowly  add  023  ml  of  concentrated  H<SO«  to 
about  90  ml  of  water  while  stimng.  and 
adjust  the  final  volume  to  100  ml  using 
addldonal  water.  Shake  well  to  mix  the 
aoludon. 

3.12.  Chlorine  Scrubber  Solution.  0.1  N 
Sodium  Hydroxide  (NaOH).  To  prepare  100 
ml  of  the  scrubber  solubon  for  the  back  pair 
-of  impingers.  dissolve  0.40  g  of  solid  .NaOH  in 
about  90  ml  of  water,  and  adjust  the  final 
solution  voiumt  to  100  ml  using  addibonal 
water.  Shake  wail  to  mix  tha  soludon. 

32  Sample  Preparation  and  Analysis. 

32.1  Water.  Same  as  in  Secaon  X1.1. 

322  Blank  Soludon.  A  separata  blank 

aoludoB  of  ±m  absorbing  reagent  should  be 
prepared  for  taalysii  with  the  field  samples. 
Dilute  30  mi  of  abaorbing  soludon  to  100  ml 
with  water  in  a  separata  volumemc  flask. 

322  Sodium  boride  (NaQ)  Stock 
Standard  Solution.  Solutions  containing  a 
Oflfflinai  cartiSad  concentration  of  1000  mg/1 
are  comnarmally  available  as  convenient 
stock  solutions  tern  which  working 
itandaids  can  ba  made  by  appropnata 
rolumatnc  dllutiox  Aitsreatsiy,  concantratad 
stock  solutions  may  ba  produced  from 
raagtet  grade  NaCL  Tha  NaC  should  ba 
^cd  at  lOO  X  for  2  or  mon  hours  and  cooled 
to  room  tamperature  in  a  desiccator 
bnmadlaieiy  bafort  weighing.  Accurately 
weigh  LO  to  12 1  of  tha  dried  NaQ  to  within 
dl  Bid  dissolve  in  water,  and  dilute  to  1  liter. 
Tha  exact  Q  conctniranon  can  be  calculated 
using  Eq.  23-1. 

Mga~/3ii  w  g  of  .NaC  XIO’X  33.433/33.44 


Refrigerate  tha  slock  standard  solution  and 
aiore  no  longer  than  1  month. 


324  Chromatographic  Eluent.  ES'ec: 
eluents  for  r.onsuppressed  iC  as..-.g  a  .‘er 
siltca-bascd  weak  ion  exchange  coicmr. 

4  olM  potassium  hydrogen  pni.naiate  sci. 
adiusied  to  pH  4.0  using  a  saturated  soc. 
borate  soiuuoo.  and  a  4  laM  a-nydroxy 
benzoate  soiuuorL  adiusttd  to  pH  S  a  usir 
N  N'aCH.  An  effective  eiuent  for  suppres 
ion  chromatography  is  a  solution  ccn;ai.-. 
m.M  sodium  bicarbonate  and  2.4  m.M  soc 
carbonate.  Other  dilute  solutions  buffer* 
a  similar  pH  and  containing  no  inter er.n; 
ions  may  ba  used.  When  using  suppresse 
ion  chromatography,  if  dia  "water  dip ' 
resulting  from  sampie  iniecton  mte.rem 
with  the  chlor.de  peek,  use  t  2  mM  .NaCi 
mM  sodium  bicarbonate  eiuent. 

4.  Proetdun 

4.1  Sampling. 

4.1.1  Preparation  of  Collection  Trs-n. 
Prepare  die  sampling  tram  as  follows;  Pc 
ml  of  tha  absorbing  solution  unto  each  of 
first  two  impingers.  and  add  IS  mi  of 
scrubber  scluQon  to  the  ditrd  and  fourth 
impingers.  Coimect  the  impingers  m  sere 
with  the  knockout  impinger  .'L'st.  foiiowe 
the  two  impingers  containing  absorbing 
solution  and  the  two  contacting  the  scrut 
solution.  Place  a  fresh  c.harge  of  silica  ge. 
equivalent,  in  the  drying  tube  or  Mae  We 
impinger. 

4.12  Leek -Check  Procedures.  Leak-c.* 
the  probe  end  three-way  stopcock  hefsr: 
inserting  the  probe  into  the  stack.  Conne: 
tha  stopcock  to  the  outlet  of  the  probe,  ar. 
connect  the  sample  line  to  the  needit  vai 
Plug  tha  proba  iniaL  turn  on  tha  sample  p 
and  pull  a  vacuum  of  at  laast  230  asm  Kg 
In.  Hg).  Turn  oS  tha  aeadia  valva.  and  so’ 
tha  vacuum  gauge  reading.  The  vaciua 
should  remain  stable  for  at  laast  30  secon 
Placa  tha  probe  in  the  s.side  at  the  sampli. 
location,  and  adjust  the  probe  and  stopc: 


w  s  of  yaC:x  lO'X  33.453 


Eq.  ■ 

Raftigerate  tha  stock  standard  solution  ar. 
stare  no  longer  than  1  month. 

32.4  Chrooiatographic  Eluent.  Effectiv 
eluents  for  aonsupprested  IC  using  a  resir 
sUica-baaed  waak  ion  axchanga  column  s 
4  tnM  potassium  hydrogen  phthaiaie  soiu- 
adjusiad  to  pH  4.0  usutg  a  saturated  sod:, 
borate  toiunon.  and  a  4  m.M  4-hydroxy 
banzoatt  solution,  adjusted  to  pH  3S  usir 
N  NaCH.  An  efiectiva  eiuent  for  suppress 
ion  chromatography  is  a  soiutton  contain. 
mM  sodium  bicarbonate  and  14  mM  sod: 


Eq.  28-1 
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carbonate.  Other  dilute  solutioae  bofTered  to 
■  similar  pH  and  containing  no  mierfenng 
iona  may  b«  used.  When  using  snppresaed 
ion  chromatography,  if  iha  "water  dip" 
resulting  from  sample  ir.|cction  interferes 
with  the  chlonde  peak,  use  a  2  a.M  NaOH/2.4 
nM  sodium  bicarbonate  eluant. 

4.  Pnetduft 

4.1  Sampling. 

4.1.1  Preparadon  of  CoUectioa  Train. 
Prepare  the  sampling  train  as  follows:  Pour  IS 
ml  of  the  aberbing  solution  into  aach  of  the 
Brat  two  taptngers.  and  add  IS  ml  of 
icrubber  solodon  to  the  third  and  fourth 
impingera.  Connect  tht  impmgers  is  scries 
with  the  knockout  impinger  Rrsc  followed  by 
the  two  impmgers  containing  absorbing 
solution  and  the  two  containing  the  scrubber 
solution.  Place  a  fresh  charge  or  silica  gcL  or 
eguivatent.  in  the  drying  tube  or  Mae  West 
Impinger. 

4X2  Lcak^Chcck  Procedures.  Leak-check 
the  probe  and  three-way  stopcock  before 
Inserting  the  probe  into  the  stack.  Connect 
the  stopcock  to  the  outlet  of  the  probe,  and 
connect  the  sample  Use  la  the  needle  vilve. 
Plug  the  probe  uilet.  Cura  on  the  sample  pump, 
and  pull  a  vacuum  of  at  least  2S0  mm  Hg  (10 
In.  Turn  off  the  needle  valve,  and  note 
the  vacuum  gauge  reading.  The  vacuum 
should  remain  stable  for  at  least  20  seconds. 
Place  the  probe  in  the  stack  at  the  sampling 
location,  and  adjust  the  probe  and  stopcnck 
heating  system  to  a  tcmperattirs  suSaent  to 
prevent  water  eondensadon.  Connect  the  first 
impinger  to  the  stopcock,  and  connect  the 
sample  line  to  the  lost  impinger  and  the 
needle  valve.  Upon  eompiedon  of  a  sampling 
tun.  remove  the  prabe  from  the  stack  and 
iaak-chack  aa  dasotbed  abova.  If  a  laok  has 
ocetiiTad.  tha  sampling  nm  muat  ba  voided. 
Altereaiaiy.  the  p^on  of  the  fraia  behind 
tha  proba  may  ba  Itak-chackad  batwaan 
omlttpla  runs  at  tha  sama  site  aa  SeUawt: 

Qosa  tha  stopcock  in  tha  first  tmpingsr  (soa 
Figure  lA  of  Figure  2S-1).  and  torn  on  tha 
tompUng  pump.  Pull  a  veconm  of  at  loaat  230 
mm  Hg.  turn  off  the  oeedlt  vaiva.  icd  note 
tha  vaemsn  gaugt  reading.  Tha  vaesnm 
should  remain  subla  for  at  loast  SO  seconds. 
Raiaasa  tha  vacoom  on  tha  impinger  train  by 
tureittg  the  stopcock  to  the  vent  position  to 
permit  ambient  sir  to  enter  (see  Flgtce  IB  of 
rigure  2^2).  If  this  procsduri  is  used,  the  full 
train  leak-cheek  dasetibad  above  must  ba 
eoadncted  following  tha  final  rum  and  aU 
prtcadlng  sampling  runs  must  ba  voidad  if  a 
leak  baa  occurred. 

4.1J  Purge  Procedure.  Immediately  before 
sampling,  connect  the  purge  line  to  the 
stopcock,  and  cum  tha  stopcock  to  permit  the 
purge  pump  to  purge  tha  probe  (see  Figure  lA 
of  Rgure  25-1).  Tura  on  the  purge  pump,  and 
adjust  tha  purge  niU  to  2  Utan/min.  Purge  for 
•t  least  3  minutes  before  sampling. 

4.1.4  Sa.mplc  CoUacdox  Tura  on  the 
sampling  pump,  pull  a  slight  vacuum  of 
approximately  23  am  Kg  (1  in.  Hg]  on  the 
impinger  tram,  and  turn  the  stopcock  to 
permit  stack  gas  to  be  pulled  through  the 
impinger  Tain  (see  Figure  iC  of  Tgure  2B-2). 
Adjust  the  sampling  rate  to  2  litim/am.  as 
indicated  by  tha  rate  meter,  and  aair.iam  this 
rate  to  wiLbi.t  :C  percent  dw.r.g  ‘.be  er.ure 
sampling  run.  Take  readings  of  tha  dry  gas 


meter  volume  and  temperature,  rate  meter, 
and  vacuum  gauge  at  least  once  every  S 
minutes  daring  the  run.  A  sampling  bma  of  1 
hour  ia  recommended.  Shorter  sampling  times 
may  introduce  a  significant  negative  bias  in 
tht  HQ  concentradox  At  the  condtaion  of 
the  sampling  nix  remeve  the  tram  from  the 
suck,  cool  and  perform  a  lcak<hcck  as 
dascTibcd  in  secdon  4.1X 
4J  Sampla  Recovtry.  Oisconncct  tha 
impingera  after  sampling.  QuandUdvaly 
transfer  tha  eoatenta  of  the  first  three 
impingera  (the  knockout  impinger  and  the 
two  absorbing  soludoc  impmgers)  to  a  leak- 
free  storage  bonta.  Add  tht  water  rases  of 
each  of  thcaa  impingen  and  connecting 
glassware  to  the  storage  bottle.  The  eoctents 
of  Che  scrubber  impingers  and  annaedng 
glassware  rases  may  be  discarded.  Tha 
sampla  bottle  should  ba  staled,  shaken  to 
mix  and  UbelctL  Tha  fluid  Itvti  should  ba 
maritad  so  that  if  any  sample  is  bst  during 
transport  a  catrccdon  ptcpordonal  to  tha  lost 
volume  can  be  tpplied. 

Sample  Preparaden  for  Analysis. 
Check  die  liquid  level  in  each  sampla.  snd 
determina  if  any  sampla  was  lost  during 
shipment  If  a  nodcaable  amount  of  leakage 
hae  occurred,  the  volume  lost  can  ba 
determiaed  from  the  diilcrence  between  tha 
Initial  and  final  solution  laveis.  and  this  value 
can  ba  used  to  correct  the  analydcai  tesuita. 
Qnandtativtly  trsnifer  the  sample  mhitton  to 
a  lOO-ml  volumaSric  fiaak.  and  dilute  tho 
soludoB  to  too  mi  vdtfr  water. 

4A  Sampla  Aoalysia. 

444  Tha  iC  cottdlttoiia  will  depead  upon 
analydcai  column  type  and  wbattar 
tuppreaaed  or  nooaupprassad  1C  la  used.  Aa 
asampia  chromatogram  from  a 
noBiuppressed  system  using  ■  UO-mm 
Hamilton  PRP-ldcxi  anion  column,  a  *  *  *.  2 
l/mm  flow  rate  of  a  4  mM  4-hydtoxy 
benzoate  soiudon  adjuated  to  a  pH  of  U 
uaing  1 N  NaOH  a  SO  fd  sampla  loop,  and  a 
condnedvity  dataetor  sot  on  LO  full  scale 
Is  shown  in  Figure  2^L 

4.44  Before  sample  enaiysia.  establish  a 
stable  basalino.  Next  Inject  a  sample  of 
wetar.  and  dataraiine  if  any  Q~  appears  in 
tha  ehromatogtaffl.  If  Q~  ia  prssant  repeat 
the  load/injacdon  procadura  until  oo  Q~  ia 
preaant  At  thia  pomt  the  instrumani  ia  ready 
fornae. 

4.4J  Ftrst  inject  tha  caiibradon  standards 
covering  an  appropriate  ccrbenoacca  .-ccige. 
stardag  with  *Jic  lowest  cor.ctncatioa 
standard.  Next,  inject  in  duplicate,  s  QC 
aample  followed  by  a  water  blank  acd  the 
Held  samples.  Tmelly.  repeat  the  injecdou  of 
ealibtadoo  standards  to  allow  ccmpcnaacpo 
for  any  drift  in  tht  instruxsnt  during  asalysis 
of  ths  flsld  samples.  Msasure  tht  Q*  paali 
arsat  or  haights  of  tbs  samples.  Use  ‘Jie 
averagt  response  from  the  duplicate 
injecdons  to  determine  ubc  field  sample 
eoncentrationj  using  a  linear  calibracan 
curve  generated  from  tho  standards. 

4.3  Audit  .A.".alysis.  An  audit  saetplc  muat 
be  analyzed,  suoiect  to  availability. 


Figure  2S-Z.  Example  Qiromatogram 


[ 

3.  Cjiibmtioa 

i.1  Dry  Caa  Metering  Syitam. 

Tbansomaters.  Rate  Mettr.  end  BaromaCer. 

Same  aa  ia  Mathod  4  soedana  31.  5X  SX 
and  S.4. 

34  Caiibradon  Curve  for  Ion 
Chromatograph.  To  prepare  caiibradon 
stpndards.  dilute  giveo  voiumea  (14  ml  or 
greater)  of  tha  scoi^  standard  soludox  widi 
at  N  HiSO.  (sacdon  314]  to  convamen^ 
volumes.  Prepare  sc  least  four  standards  >Jut  r 
are  'Aithia  the  linear  range  of  the  iaatrumtet  I 
and  wbch  cover  the  expected  concaacranoa  • 
range  of  Che  field  samples.  Analyze  the 
standards  as  Insnocted  in  secdon  4.4X 
brgtrjusg  svith  ‘dio  lowest  concentradoa 
standard.  Oetenmsa  the  peak  measurements, 
end  plot  individual  values  versus  C 
eoncentradoa  ui  iig/mL  Draw  t  inooih  curv 
through  the  points.  Use  linear  regressicn  to 

1 


I 


cileulai*  a  fornuia  dasc^birj  the  resultx.j 
linear  carve. 

6.  Q'jclity  .-liitifcnce 

6.1  Applicability.  When  the  method  >s 
used  to  analyze  zample*  to  demonstrate 
compliance  wr-h  a  source  emission 
resulatior..  a  set  of  ri*o  audit  samples  must  be 
analyzed. 

8.2  Audit  Procedure.  Tne  audit  sample  are 
c-hlonde  solutiorj.  Cancarrently  analyze  the 
two  audit  samples  and  a  set  of  comcUance 
samples  in  the  same  mar.ne.*  to  evaluate  the 
tachruque  of  the  analyst  and  the  standards 
preparation.  The  same  analyst,  analytical 
reagents,  and  analytcal  system  shall  be  used 
boA  for  complience  samples  and  Ae  £?A 
auAt  samples.  If  this  condition  is  met, 
auAung  Ae  subsequent  compliance  analyses 
for  Ae  same  enforcement  i;ency  wnthin  30 
days  is  not  requirei  An  audit  sample  set  may 
not  be  used  to  validate  Ameren:  sets  of 
compliance  samples  under  Ae  junsActlon  of 
different  enforcement  agenc.es.  -znless  pnor 
arra.ngements  are  made  vmA  boA 
enforcement  agencies. 

6.3  Audit  Sample  Availability.  The  audit 
samples  mav  be  obtained  by  writing  or 
calling  Ae  A  Regional  Office  or  Ae 
appropriate  enforcement  agency.  The  request 
for  At  audit  samples  must  be  made  at  least 
30  days  prior  to  Ae  scheduled  compliance 
sample  analyses. 

6.4  AuAt  ResdA.  Ciicilaic  Ae 
coacantradons  m  ag/dscm  usAg  Ae 
epeeiScd  sample  volume  A  Ae  audit 
Instracdoos. 

Noim  IsAcaUon  of  accoptable  results  may 
be  obtained  icmeAatcly  by  reporrj^  Ae 
auAt  results  A  mg/dscm  and  cocpUanca 
nsAts  A  total  lig  HC/  sample  to  Ae 
mponsible  enforcement  agency.  Aclude  Ac 
results  of  bo  A  auAt  samples.  Aeu: 
Identification  numbers,  and  Aa  analyst's 
oasa  wiA  Ae  resulA  of  Ae  compliance 
datcramadon  samples  A  appropr.ate  reports 
to  Ae  EP.A  Regional  Office  or  Ae  appropr.ate 
enforcement  agency,  tacludt  Aa  informadon 
WiA  subsequent  analyses  for  Ae  same 
enforcement  agency  during  Ae  30-day  perioA 
The  concanoadona  of  Ac  auAt  samplts 
obtained  by  the  tnaiyii  afaall  agree  withm  10 
percent  of  Ae  acmal  concesraaons.  If  Ae  10 
pareent  speefficadsa  is  not  met.  reenalyxe 
Aa  compliance  samples  and  auAt  samples, 
and  melude  tmdal  and  reanalyns  values  A 
Ac  Ast  report. 


Failure  to  meet  Aa  10  percent  specincaiion 
may  require  retests  until  Ae  audit  problems 
are  resolved.  However,  if  Ae  auAt  results  do 
Inot  a^ect  Ae  compliance  or  noncompiiance 
atama  of  Ae  afiected  faolity.  Aa 
Administrator  may  waive  the  rcanalysis 
requirement.  furAcr  auAts.  or  retests  and 
accept  Ae  results  of  Ae  compliance  test. 
While  steps  ere  being  taken  to  resolve  auA: 
analysts  probiams.  Ae  .Administrator  may 
also  choosa  to  use  Ae  data  to  determme  Ae 
compliance  or  noncompliance  status  of  Ae 
aStetad  faolity. 

7.  CuJc^/acioat 

Rt  Am  at  least  one  extra  decimal  figure 
beyond  Aoae  contained  m  Aa  available  dau 
A  mtciBadieta  calcuiadons.  and  round  ofi 
oAy  Ae  final  answer  appropriately. 

7.1  Sample  Volume.  Dry’  Basis.  Corrected 
to  Standard  ConAdons.  Calculate  Ae  sample 
volume  ssieg  Zq.  6-1  of  \te Aod  6. 

7J  Toul  m  Hd  Per  Sample. 


(5-g1(100)(36.46| 

(35.4531 


(102A4l(5-51 


Eq.  M-: 

where; 

m  •  Mass  of  Hcl  m  sample,  ug- 
S  —  Concentredon  of  sample,  m  Cl' I  ml. 

B  •  Concentration  of  blank,  ug  G'/mL 
100  •  Volume  of  filtered  and  diluted  sample, 
ml 

3B.46  —  Molecular  weight  of  HG.  >ig/  ug- 
mola. 

35.453  Atomic  weight  of  C.  j*g/ug-mole. 

7J  Concentredon  of  HG  m  the  Flue  Cat. 


Eq.  2B-3 


where; 

C  Coocentradon  of  HG.  dry  bests,  mg/ 

K  w  10'*mg/iig. 

m  -  Mesa  of  HG  m  sample,  ug. 

V,.,  _  Ory  gas  volume  measured  by  Ae 

dry  gee  ineter.  corrected  to  standard 
conAdoos.  dsem. 
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•  •  t  •  • 

Appaedlx  .A  lAmcndedJ 
X  .Method  19  of  appendix  A  par.  50  .s 
amended  by  adding  para^phs  4.3  ar.c 
follows:  .MeAod  19— Cetermi.-.at:on  of  S 
Dioxide  RemovA  Efficiency  and  Pa-T-cu 
Matter.  Sulfur  Dioxide,  end  .Nitrogen  Cx 
Emission  Rates 
•  •  •  •  • 

4J  Daily  Ceotnetre  Avenge  Poliutu 
Rates  from  Hourly  Vaiuea.  The  geocetr. 
average  pollutant  rate  (ZJ  Is  computed 
Ae  following  equation: 


•  EfC^  |(l/-t)  ^  j 


wberr 

E«  w  daily  geomeme  averagt  poUuunt 
ag/I  (Ibt/ million  8a)  or  ppm  correct' 
7  percent  Os. 

C.  m  hourly  arithmetic  average  polluter  , 
for  hour  ‘'I.''  ng/J  (Ib/millioa  BA}  or  ; 
corrected  to  7  percent  Os. 
a  a  total  number  of  hourly  averages  for 
wAch  pollutant  rates  are  available 
wsthm  the  24  hr  auAtight  to  midnigc 
daily  penoA 

In  •  oatu^  log  of  mAcated  value. 

CQ>  •  At  narurai  ioganthmic  base  (2^*1. 

raised  to  Ae  value  enAssed  by  brae. 
•  •  •  •  • 

X4  Daily  Geometric  Average  Percent 
Reduedon  tern  Hourly  Values.  The  geoct 
average  percent  reduedon  (^R«}  ta  comp 
using  Ae  following  equadon; 
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*R«  -  100  [:-EX?  [U/i.)  I  in  (E»,'EJl] 

I  i-i  ' 

Eq.  19- 

24a 

where: 

•  daily  geometric  average  percent 
raducuon. 

Ew  Ea  s  tnatcned  pair  hourly  ar.thsetic 
average  pollutant  rata,  outlet  and  inlet, 
reepecnvely.  ng/J  (Ib/silUon  Btu)  or  ppa 
corrected  to  7  percent  Oi. 
n  K  total  number  of  hourly  averages  for 
which  paired  inlet  and  outlet  pollutant 
rates  are  available  within  the  £4-hr 
midnight  to  midnigltt  daily  pencd. 
In^camral  log  of  indicated  value. 

EX?  B  the  natural  logarithmic  base  '2.713) 
raised  to  the  value  enclosed  by  bracltats. 
Note:  The  c.-’lculation  includes  only  paired 
data  sets  (hourly  average)  for  the  inlet  and 
outlet  poilutcnt  measurements. 

•  •  •  •  • 

(m  Dot  91-1399  Fded  2-13-91;  8:43  am) 

■nujMO  coos  tseo.»  is 

0EPART7/.ENT  OF  COMMERCE 

Naticnal  Oceanic  and  Atmospheric 
Administration 

50  CFrt  Parts  672  and  675 
lOodcot  No.  3C39»-t019] 

Groundflsh  of  the  Gulf  of  AUsiuc 
Groundfisft  of  the  Bering  Sos  and 
Aleutian  Islands 

AOZNcr  National  Marine  Tisheries 
Service  (NMFS],  NOAA.  Commerce. 
AcncN:  Final  rule,  technical 
amendment. 

SUMmaky:  The  Secretary  of  Commerce 
blues  this  final  rule  implementing  a 
technical  amendment  to  reinstate 
regulatory  language  that  was 
unintendocally  deleted  by  regulations 
implementing  .Amendment  13  to  the 
Fbnery  Management  Plan  for  the  Bering 
Sea/Aleudan  biands  Groundnsh 
(Bering  FMP]  and  Amendment  18  to  the 
Fishery  Management  Plan  for  the  Gulf  of 
Alaska  Groundfish  Fshery  (Gulf  FMP] 
(54  FR  50383.  December  8. 1989]. 
IFFSCTTVS  DATE:  February  8. 1991. 

Fan  FURniCR  INFOnMATION  COKTACr: 
Patricia  Peacock  (Fishery  Management 
Specialist],  .NMFS,  Plans  and 


Regulatians  Division,  1335  East-West 
Highway.  Silver  Spring.  Maryland  2C91Q. 
telephone  301-127-23  ;3. 

SUSFI.miS.HTARY  tNFCKMATTOK: 

Groundfish  fisheries  in  the  £.xciusive 
Economic  Zone  ofi  Alaska  are  governed 
by  Federal  regulators  at  50  CFTl  parts 
611.  620.  672.  and  675  that  implement  the 
Bering  and  tha  Gulf  FvfPs.  These  FMPs 
were  prepared  by  the  North  Pacific 
Fuhery  Management  Council  and 
approved  by  the  Secretary  of  Commerce 
(Secretary]  under  proviaiona  of  the 
Magnuscn  Fishery  Conservation  and 
Management  Act. 

Thb  final  rule  implements  a  technical 
amendment  that  (l)  reinstates  language 
unintenbonally  deleted  by  amendatory 
language  in  54  FR  50383  (December  8. 
1989)  and  (2]  retains  the  amendatory 
language  of  38  FR  492  (January  7.  i99l). 

On  December  6. 1989.  a  final  rule  was 
published  in  the  Federal  Regbter  (54  FR 
50366]  that  was  intended  only  to  am.end 
the  introductory  language  of 
IS  872.20(a](2J  and  675.2C(a)(2].  Item  11 
of  thb  amendatory  language  states  that 

*  *  *  paragrapha  (a](2)  and  (fl(l]  are 
revbed  *  *  *:  item  20  states  that 

*  *  *  paragraph  (a){2]  b  revised  *  *  *. 
Thb  amendatory  language  revised  the 
introductory  text  of  paragraph  (a](2]  in 
these  sections  but  deleted  the  remainder 
of  the  regulatory  lansuage  in 

f  i  e72.20(a](:)  and  87S.20(a}(2]. 
Paragraphs  in  1 672.20  that  were 
unintentionally  deleted  were  (e](2](l]. 
(•)(2](U].  (a){2;(U](A].  and  (a](2](U](B]. 
Table  1  in  §  672.20  also  was 
unintentionally  deleted.  Paragraphs  that 
were  nnintentiooally  deleted  in  S  875.20 
were  as  follows:  (a)C2)(i].  (a)(2](i](A], 
and  (a)(2](i](B]. 

On  January  1. 1991.  final  rules 
implementing  Amendment  14  to  the 
Bering  FMP  and  Amendment  19  to  the 
Gulf  FM?  aba  revbed  text  in 
f  i  072.20(a](2]  and  67S.20(a)(2)  (56  FR 
492,  January  7, 1991).  Thb  rule  retains 
the  changes  to  these  sections  resulting 
from  Amendments  14  and  19. 

The  Gulf  and  Bering  FMPs  were 
implemented  using  procedures  specified 
by  the  Magnuscn  Ac:  and  the 
Admiiustrative  Procedure  Act.  However, 
as  explained  above,  the  language 
currently  in  872.20(a}  and  e75.20(a] 
does  not  correctiy  reflect  the  Gulf  or 
Bering  FMPs  and  subsequent 
amendmenb. 


This  .'Leal  Pile,  tech.nical  amer.d.T.ent. 
is  reinstating  regulatory  language  ^ 

needed  to  implement  correctly  the  M 

Bering  and  Golf  FMPs  as  amended.  ^ 

Cassification 

This  final  ."jIb.  tech-nical  amend-T.ent. 
is  issued  under  parts  672  and  673. 

Because  this  rule  reinstates  regulatory 
text  that  was  inadvertently  deleted 
during  an  earlier  rulemaking  procaedtng 
and  makes  no  substantive  changes  ether 
than  changes  determined  in  .'uiemaking 
for  Amendments  14  and  19.  it  is 
unnecessary  under  5  U.S.C.  S33(bJ(B]  to 
provide  for  pnor  public  conunent  and 
there  is  good  cause  under  5  U.S.C.  533(d] 
not  to  delay  for  30  days  its  effective 
date. 

Because  this  rule  is  being  issued 
without  prior  comment,  a  regulatory 
flexibility  analysis  is  not  required  under 
the  Regulatory  Fle.xibility  Act  and  none 
has  been  prepared. 

This  rule  reinstates  language  that  has 
been  determined  not  to  be  a  ina;cr  rule 
under  Executive  Order  12291.  does  not 
contain  policies  with  federalism 
implications  sufficient  to  warrant 
preparation  of  a  federaliem  assessment 
under  E.0. 12812.  and  does  cot  contain  a 
ccUection-of-information  requirement 
for  the  purposes  of  the  Paperwork 
Reduction  Act.  There  b  no  change  in  th^ 
regulatory  inpacb  previously  reviewe  fl 
ted  analyzed.  ™ 

Lbt  of  Subjeeb  in  53  CFR  ?arb  672  and 
678 

Fbheries.  General  limitatioib. 

Oaitd:  Ftbruarjr  7, 1991. 

Michael  F.  Tlfiisaa. 

Acting  Assistant  Administrator  for  Fisheries. 
NatioaaJ  Manne  ftshertes  Service. 

For  reasons  set  out  in  the  preamble.  50 
CFR  parb  872  and  875  are  amended  as 
follows: 


PART  672— GROUNDFISH  Or  THE 
GULF  CF  ALASKA 

1.  The  authority  citabon  for  part  672 
continues  to  read  as  fallows: 

Authorir,-:  16  U.S.C  1801  et  seq. 

2.  Section  6r22a(a)(3]  is  revised  and 
Table  1  b  added  to  the  section  to  read 
as  follows; 
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delayed,  timely  notice  will  be  published 
in  the  Federal  Register. 

AOORCSStS:  Copies  of  the  state 
submittal  for  this  action  are  available 
for  public  inspection  during  normal 
business  hours  at:  the  Environmental 
Protection  Agency,  Region  VIL  Air 
Branch.  726  Minnesota  Avenue.  Kansas 
City,  Kansas  66101;  Public  Information 
Reference  Unit.  Environmental 
Protection  Agency,  401  M  Street  SW., 
Washington.  DC  20460;  Environmental 
Protection  Division.  Iowa  Department  of 
Natural  Resources.  Wallace  State  OfRce 
Building.  900  East  Grand.  Des  Moines, 
Iowa  50319. 

FOK  FURTHER  INFORMATION  CONTACT: 

Wayne  Kaiser  at  (913)  551-7603  (FTS 
276-7603). 

SUPPLEMCNTARV  INFORMATION:  On 
October  17, 1988.  EPA  revised  the 
prevention  of  significant  deterioration 
(PSD)  regulations  at  40  CFR  52.21  (see  53 
FR  40653)  for  nitrogen  oxides.  These 
regulations  establish  the  maximum 
increase  in  ambient  nitrogen  dioxide 
concentrations  allowed  in  an  area  above 
the  baseline  concentration;  these 
maximum  allowable  increases  are 
called  increments.  The  intended  effect  of 
these  regulations  is  to  require  all 
applicants  for  major  new  stationary 
sources  and  major  modifications 
emitting  nitrogen  oxides  to  account  for 
and.  if  necessary,  restrict  emissions  so 
as  not  to  cause  or  contribute  to 
exceedances  of  the  increment. 

On  November  20. 1990.  the  IDNR 
submitted  an  amendment  to  chapter 
22.4(455B].  "Special  Requirements  for 
Major  Stationary  Sources  Located  in 
Areas  Designated  Attainment  or 
Unclassified  (PSD),”  which  incorporates 
by  reference  the  revisions  to  40  CFR  part 
52.21.  effective  October  17. 1988.  The 
state  rule  was  effective  November  21, 
199a  The  state  also  provided  a 
demonstration  that  it  meets  the 
conditions  for  approval  of  adoption  of 
the  NOt  increment  program  as  detailed 
in  the  EPA  guidance  memorandum  on 
the  subject  dated  August  17. 199a 

The  above  memorandum  described 
specific  conditiona  for  EPA  approval  of 
a  state's  adoption  of  the  NO,  increment 
rule.  Those  conditions  pertained  to 
regulatory  language,  inorement 
consumption  analysis,  increment 
consumption  for  the  transition  period, 
and  legal  authority.  EPA  has  evaluated 
the  state's  submittal  in  accordance  with 
the  August  17. 199a  guidance  and  finds 
that  the  state  submittal  is  acceptable. 
EPA  is  publishing  this  action  without 
prior  proposal  because  the  Agency 
views  this  as  a  noncontroversial 
amendment  and  anticipates  no  adverse 
comments.  This  action  will  be  effective 


April  15. 1991.  unless,  within  30  days  of 
its  publication,  notice  is  received  that 
adverse  or  critical  comments  will  be 
submitted. 

If  such  notice  is  received,  this  action 
will  be  withdrawn  before  the  effective 
date  by  publishing  two  subsequent 
notices.  One  notice  will  withdraw  the 
final  action  and  another  will  begin  a 
new  rulemaking  by  announcing  a 
proposal  of  the  action  and  establishing  a 
comment  period.  If  no  such  comments 
are  received,  the  public  is  advised  that 
this  action  will  be  effective  April  15. 

1991. 

EPA  Action:  EPA  is  taking  final  action 
to  approve  a  revision  to  Iowa  rule  567- 
22.4(45SB)  which  adopts  by  reference  the 
PSD  NO,  requirements  of  40  CFR  52.21 
at  53  FR  40656  (October  17, 1988). 

Nothing  in  this  action  should  be 
construed  as  permitting  or  allowing  or 
establishing  a  precedent  for  any  future 
request  for  revision  to  any  SIP.  Each 
request  for  revision  to  the  SIP  shall  be 
considered  separately  in  light  of  specific 
technical,  economic,  and  environmental 
factors  and  in  relation  to  relevant 
statutory  and  regulatory  requirements. 
Under  5  U.S.C  605(b).  I  certify  that  this 
SIP  revision  will  not  have  a  significant 
economic  impact  on  a  substantial 
number  of  small  entities  (See  46  FR 
8709). 

This  actioo  has  been  classified  as  a 
Table  3  action  by  the  Regional 
Administrator  under  the  procedures 
published  in  the  Federal  Register  on 
January  19. 1989  (54  FR  2214-2225).  On 
January  6. 1989.  the  Office  of 
Management  and  Budget  waived  Tables 
2  and  3  SIP  revisions  (54  FR  2222)  from 
the  requirements  of  Section  3  of 
Executive  Order  12291  until  April  1991. 

Under  section  307(b)(1)  of  the  Act 
petiUons  for  judicial  review  of  this 
action  must  be  filed  in  the  U.S.  Court  of 
Appeals  for  the  appropriate  circuit  by 
April  IS.  1991.  This  action  may  not  be 
challenged  later  in  proceedings  to 
enforce  its  requirements.  (See  section 
307(b)(2).) 

The  Agency  has  reviewed  this  request 
for  revision  of  the  federally  approved 
SIP  for  conformance  with  the  provisions 
of  the  1990  Amendments  enacted  on 
November  15. 199a  The  Agency  has 
determined  that  this  action  conforms 
with  those  requirements  irrespective  of 
the  fact  that  the  adoption  of  the  revision 
by  the  state  preceded  the  date  of 
enactment 

List  of  Subjects  in  40  CFR  Part  52 

Air  pollution  controL  Incorporation  by 
reference.  Intergovernmental  relations. 
Nitrogen  dioxide.  Particulate  matter. 
Sulfur  oxides. 


Deled:  January  20.  1991. 

Morrle  Key, 

RegionaJ  Administrator. 

40  CFR  part  52.  subpart  Q.  is  amended 
as  follows: 

PART  52— (AMENDED] 

1.  The  authority  citation  for  part  52 
continues  to  read  as  follows; 

Authority:  42  U.S.C  7401-7642. 

2.  Section  52.820  is  amended  by 
adding  paragraph  (cj(53]  to  read  as 
follows: 

{  52820  Identification  of  plan. 

•  •  e  e  • 

(c)  •  *  * 

(53)  Revised  chapter  22,  rule 
224(4558),  submitted  on  November  8, 
1990.  incorporates  by  reference  revised 
ETA  PSD  rules  pertaining  to  NO, 
increments. 

(i)  Incorporation  by  reference 
(A)  Amendment  to  chapter  22 

"Controlling  Pollution."  Iowa 
Administrative  Code,  subrule  22.4. 
adopted  by  the  Environmental 
Protection  Commission  on  October  17, 
199a  effective  November  21. 1990. 

(ii)  Additional  material 

(A)  Letter  from  the  state  dated 
November  8. 1990.  pertaining  to  NO, 
rules  and  analysis  which  certifies  the 
material  was  adopted  by  the  state  on 
October  17, 1990. 

[FR  Doc  91-3451  Filed  2-12-91;  8:45  am) 
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40  CFR  Part  60 
[AO-fRL-3S«7-11 

Standards  of  Performanca  for  New 
Stationary  Sources;  Addition  of 
Methods  for  Measurement  of 
Polychlorinated  DIbenzo-p-Oloxins, 
Polychlorinated  Dibenzofurana,  and 
Hydrogen  Chloride  Emissions  From 
Stationary  Sources 

AOCNCY:  Environmental  Protection 
Agency  (EPA). 

ACTION:  Final  rule. 

summary:  The  purpose  of  this  action  is 
to  add  Method  23.  "Determination  to 
Polychlorinated  Dibenzo-p-Dioxins 
(PCDD's)  and  Polychlorinated 
Dibenzofurans  (PCDF s)  from  Stationary 
Sources.”  and  Method  2a 
"Determinatioa  of  Hydrogen  Chloride 
Emissions  from  Stationary  Sources”  to 
appendix  A  of  40  CFR  part  60.  These 
methods  are  being  promulgated  to 
determine  compliance  with  subparts  Ca 
and  Ea  of  part  60. 
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OATCS:  Effective  Date:  February  13, 

1991. 

Judicial  Review:  Under  section 
307(b)(1)  of  the  Clean  Air  Act.  judicial 
review  of  the  actions  taken  by  this 
notice  is  available  only  by  the  filins  of  a 
petition  for  review  in  the  U.S.  Court  of 
Appeals  for  the  District  of  Columbia 
Circuit  within  60  days  of  today's 
publication  of  this  rule.  Under  section 
3G7(b)(2)  of  the  Clean  Air  Act  the 
requirements  that  are  the  subject  of 
today's  notice  may  not  be  challenged 
later  in  civil  or  criminal  proceedings 
brought  by  EP.A  to  enforce  these 
requirements. 

AOORCSSSS:  Background  Information 
Document.  The  Background  Information 
Document  for  the  promulgated  test 
methods  may  be  obtained  from  Gary 
McAlister  or  Roger  Shigehara.  MD-19. 
U.S.  EPA.  Research  Triangle  Park.  North 
Carolina  27711.  telephone  number  (919) 
541-10C2.  Please  refer  to  “Summary  of 
Comments  and  Responses  for  Methods 
23  and  28." 

Docket.  Docket  Number  A-89-11. 
containing  material  relevant  to  this 
rulemaking,  is  available  for  public 
inspection  and  copying  between  8:30 
a.m.  and  3:30  p.m.  Monday  through 
Friday,  at  EPA's  Air  Docket  Section, 
room  Nt-150a  1st  Floor,  Waterside  Mall, 
401  M  Street  SW..  Washington.  DC 
20460.  A  reasonable  fee  may  be  charged 
for  copying. 

FOR  FURTHER  INFORMATION  CONTACT: 
Gary  McAlister  or  Roger  Shigehara. 
Emission  Measurement  Branch  (MD-19). 
Technical  Support  Division.  U.S. 
Environmental  Protection  Agency, 
Research  Triangle  Park.  North  C^olina 
27711,  telephone  number  (919)  541-1062. 
^.<PFL£MENTARY  INFORMATION: 

L  The  Rulemaking 

Under  Subparts  Ca  and  Ea,  the  EPA  is 
regulating  emissions  from  municipal 
waste  combustors  (MWCs)  including 
setting  emission  lu^ts  for 
polychlorinated  dibenzo-p-dioxins 
(PCDD's).  polychlorinated 
dibenzofurans  (PCDFs),  and 
hydrochloric  acid  (HClj.  There  are 
presently  no  methods  published  in  40 
CFR  part  60.  appendix  A.  to  measure 
any  of  these  pollutants.  This  action 
would  promulgata  one  method  to 
measure  the  FGDO's  and  PCDF s  and 
another  method  to  measure  the  HCL 

Summary  of  Reference  Methods 

Method  23  is  used  to  measure  the 
emission  of  PCDD's  and  PCDFs  from 
MWCs.  A  sample  is  withdrawn 
isokinetically  from  the  stack  through  a 
probe,  a  Filter,  and  a  trap  packed  with  a 
solid  adsorbent.  The  PCDD's  and 


PCDFs  are  collected  in  the  probe,  on  the 
filter,  and  on  the  solid  adsorbent  The 
PCDD's  and  PCDFs  are  extracted  from 
the  particulate  matter  and  the  adsorbent 
with  a  hot  organic  solvent  The 
extracted  PCDD's  and  PCDF s  are 
separated  by  capillary  gas 
chromatography,  and  then,  each  isomer 
is  identified  and  measured  with  mass 
spectrometry  (GC/MS).  The  total 
PCDD’s  and  PCDFs  are  the  sum  of  the 
individual  isomers.  Toxicity  factors  are 
not  used  in  the  calculation. 

Method  26  is  used  to  measure  the 
emission  of  HCl  from  MWCs.  A  sample 
is  withdrawn  at  a  constant  rate  from  the 
stack  through  a  probe  and  impingers 
filled  with  a  dilute  acid.  The  HCl  is 
collected  in  the  implinger  solution.  The 
chloride  Ion  is  separated  by  ion 
chromatography  and  measured  by  a 
conductivity  detector. 

Background 

In  1983.  the  American  Society  of 
Mechanical  Engineers  (ASME) 
recognized  that  the  testing  for  PCDD's 
and  PCDFs  needed  to  be  standardized. 
In  February  of  1984,  the  ASME  convened 
a  committee  of  government 
representatives,  testing  consultants, 
equipment  manufacturers,  and 
incinerator  operators  to  write  a 
standard  test  procedure  for  PCDD's  and 
PCDFs.  This  was  eventually  distributed 
as  a  draft  ASME  protocol  in  December 
of  1934.  'The  procedure  that  we  are 
promulgating  was  derived  horn  this 
draft  ASME  protocol  There  are  some 
changes  In  the  quality  assurance  (QA) 
requirements  and  the  solvents  used  to 
recover  the  sample  in  the  promulgated 
method.  Because  more  labeled 
compounds  are  available,  the  method 
will  require  additional  labeled  internal 
standards  and  surrogate  compounds 
which  will  provide  better  representation 
of  the  entire  range  of  PCDD's  and 
PCDFs.  The  filter  and  solid  adsorbent 
are  extracted  in  the  laboratory  with 
toluene  to  assure  a  high  PCDD  and 
PCDF  recovery  efficiency.  Additionally 
the  proposed  sample  recovery  solvents 
used  for  rinsing  the  sample  train 
glassware  in  the  field  would  be  acetone 
followed  by  methylene  chloride  with  a 
final  quality  assurance  rinse  using 
toluene.  However,  the  results  from  the 
toluene  rinse  are  not  used  in  calculating 
the  total  PCDD  art  XDF  emissions. 
□’A  will  continue  to  review  the  toluene 
field  rinse  quality  assurance  results  and 
continue  to  evaluate  the  desirability  of 
replacing  methylene  chloride  with 
toluene  for  field  rinsing  sample 
glassware. 


□.  Public  Participation 

The  opportunity  to  hold  a  public 
hearing  at  10  a.m.  on  February  7. 1990 
was  presented,  but  no  one  requested  a 
hearing.  The  public  comment  period  was 
from  December  20. 1989  to  March  5. 

1990. 

IlL  Significant  Comments  and  Changes 
to  the  Proposed  Rulemaking 

Thirteen  comment  letters  were 
received  on  the  proposed  test  methods. 
These  comments  have  been  carefully 
considered  and,  where  deemed 
appropriate  by  the  Administrator, 
changes  have  been  made  in  the 
proposed  test  methods.  A  detailed 
discussion  of  these  comments  is 
contained  in  tlie  background  document 
entitled.  "Summary  of  Comments  and 
Responses  for  Methods  23  and  26" 
which  is  referred  to  in  the  ADDRESSES 
section  of  this  preamble. 

Several  commenters  thought  that 
there  were  not  enough  stack  sampling 
organizations  that  were  experienced 
with  Method  23  to  avoid  major  delays  in 
securing  sampling  and  analysis 
contractors.  Many  of  these  commenters 
also  thought  that  there  would  not  be  an 
adequate  supply  of  calibration 
standards  and  audit  samples.  We 
believe  that  the  number  of  tests  required 
immediately  after  promulgation  of  the 
regulation  will  not  exceed  the 
capabilities  of  the  available  sampling 
and  analytical  laboratories  and  that 
there  will  be  an  adequate  supply  of 
labeled  standards  and  audit  samples. 

The  full  efiect  of  the  testing 
requirements  for  the  new  and  existing 
sources  will  not  be  felt  for  about  five 
years.  We  believe  that  this  is  adequate 
time  to  allow  for  the  necessary 
expansion  of  testing  capabilities. 

Some  commenters  requested 
alternative  procedures  or  methods  to 
Method  23.  While  testers  always  have 
the  option  of  requesting  alternative 
methods,  requests  should  be  submitted 
after  the  method  becomes  final.  Any 
request  should  be  in  writing  and  should 
be  accompanied  by  any  supporting  data. 

Many  commenters  thought  that  the 
gas  chromatography  columns  specified 
in  Method  23  were  not  the  most 
appropriate  choice.  The  column 
requirements  in  the  method  have  been 
revised  to  allow  the  tester  to  use  any 
column  system  provided  that  the  tester 
can  demonstrate  through  calibration  and 
performance  checks  that  the  columns 
provide  the  necessary  isomer 
separation. 

One  commenter  thought  that  Method 
26  should  be  modified  to  allow 
Isokinetic  sampling  so  that  it  could  be 
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applied  to  sources  where  hydrochloric 
acid  aeroaols  are  present.  We  agree  that 
isokinetic  sampling  may  be  important  at 
sources  other  than  MWCs.  We  have 
compared  Method  25  and  an  isokinetic 
sampling  train  and  found  that  they 
generally  give  similar  results  at  stack 
concentrations  above  20  PPM.  At  lower 
concentradons  the  isokinetic  sampling 
train  seems  to  have  a  negative  bias.  We 
are  continuing  to  investigate  this 
problem,  and  may  be  able  to  approve  an 
alternative  method  using  isokinetic 
sampling  for  future  use. 

Another  commenter  wanted  EPA  to 
develop  a  QA  audit  sample  for  Method 
26.  An  audit  sample  is  being  developed 
and  will  be  available  for  validating  the 
results  of  compliance  tests. 

IV.  AdisiniatrativB 

The  docket  is  an  organized  and 
complete  file  of  all  the  information 
submitted  to  or  otherwise  considered  by 
EPA  in  the  development  of  this 
rulemaking.  The  principal  purposes  of 
the  docket  are;  (1)  To  allow  interested 
parries  to  identify  and  locate  documents 
so  that  they  can  effectively  participate 
in  the  rulemaking  process  and  (2)  to 
serve  as  the  record  in  case  of  judicial 
review  (except  for  interagency  review 
materials]  (section  307(d](7)(A]). 

Under  ^ecutive  Order  12291.  EPA 
must  judge  whether  a  regulation  is 
“major”  and.  therefore,  subject  to  the 
requirement  of  a  regulatory  impact 
analysis.  The  Agency  has  determined 
that  this  rulemaking  would  not  result  in 


any  of  the  adverse  economic  effects  set 
forth  in  Section  1  of  the  Order  as 
grounds  for  finding  a  “major  rule."  The 
Agency  has.  therefore,  conchided  that 
this  relation  is  not  a  “major  rule” 
under  Executive  Order  12291. 

The  Regulatory  Flexibility  Act  (RPA) 
of  1980  requires  the  identification  of 
potentially  adverse  impacts  of  Federal 
regulations  upon  small  business  entities. 
The  Act  specifically  requires  the 
completion  of  an  Rf  A  analysis  in  those 
instances  where  small  business  impacts 
are  possible.  Because  thir  .ulemaking 
imposes  no  adverse  economic  impacts, 
an  analysis  has  not  been  conducted. 

Pursuant  to  tie  provisions  of  5  U.S.C. 
GOS(b),  I  hereby  certify  that  this 
promulgated  rule  will  not  have  an 
economic  Impact  on  small  entities 
because  no  additional  costs  wilt  be 
incurred  from  this  action. 

This  rule  does  not  contain  any 
information  collection  requirements 
currently  approved  by  0MB  review 
under  the  Paperwork  Reduction  Act  of 
1980.  44  U.S.C.  3501  etse^. 

List  of  Subjacts  in  40  CFR  Part  60 

Air  pollution  control.  Municipal  waste 
combustors.  Polychlorinated  dibenzo-p- 
dioxins.  Polychlorinated  dibenzoforans. 
Hydrogen  chloride. 

Dated:  jonuaiy  ti.  1991. 

F.  Hanry  Hsbicht, 

Acting  Admiaistzator. 

Title  4a  part  60  of  the  Code  of  Federal 
Regulations  is  amended  as  foQows: 


PART  60-{AMEN0E[» 

1.  The  authority  citation  for  part  OO 
continues  to  read  as  follows: 

Autboolr  42  U.S.C.  7¥n.  7«1.  7414.  7418. 
and  7601. 

2.  By  adding  fn  numerical  order 
Methods  23  and  28  to  appendix  A  as 
follows: 

Appendix  A — Reference  Methods 


Method  23 — Delcnninatioo  of  Polychlormatad 
Oiben:n>-p-Dioxina  and  Polychloaoaied 
Dibenzofurans  From  Stationary  Sources 

I.  ApplicabUity  and  Principle 

1.1  Applicability.  This  method  is 
applicable  to  the  deterramauon  of 
polychiorinaled  dibenzo-p-dioxins  IPCDO's] 
and  polychionnated  dibenzofvirans  (.PCDF sj 
from  stationary  sources. 

1.2  Principle.  A  sample  is  withdrawn  from 
the  gas  stream  isokinetically  and  colfecled  in 
the  sample  probe,  on  e  glass  fiber  Slier,  and 
on  a  packed  coltunn  of  adsorbent  malenat. 
The  sample  cannot  be  separated  into  a 
particle  vapor  fraction.  The  PCDD's  and 
PCDFsaxe  extracted  hom  the  sample, 
separated  by  high  resolutioa  gas 
chromatography,  and  measured  by  high 
resolution  mass  spectromeUy. 

Z  Apparatus 

ZZ  Sampling.  A  schema  Uc  of  the  samptisg 
train  used  in  this  method  is  shown  is  Figure 
23-1.  Sealing  greases  may  not  be  used  in 
assembling  the  tram.  The  train  is  identical  to 
that  described  in  section  2.1  of  Method  5  of 
this  appendix  with  the  fonowing  additions: 

BILUSIO  COOC  SS«>.40-lf 


Figure  23.1  Sampling  train 
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2.1.1  Nozzlo.  The  nortie  shall  be  made  of 
nickel  nickel-plated  stainless  steel  quartz,  or 
borosilicata  glasa. 

2.1.2  Sample  Transfer  tinea.  The  sample 
transfer  lines,  if  needed,  shall  be  heat  traced, 
heavy  walled  TTE  (\k  in.  OD  with  Vi  in.  waSl 
with  connecting  fittings  that  are  capable  of 
forming  leak-free,  vacuum-tight  connecdona 
without  using  sealing  greases.  The  line  shall 
be  as  short  as  possible  and  must  be 
maintained  at  120  *C 

2.1.1  Filter  Support  Teflon  or  TeQon- 
coated  wire. 


22.2  Gsndenser.  Class,  coil  type  with 
oompabble  fittings.  A  schematic  diagram  is 
shown  in  rigure  23-2. 

212  Water  Bath.  Thermostatically 
oontrolled  Do  maintain  the  gas  temperature 
estiting  the  condenser  at  <28*C  (ea  ‘FI- 
21.4  Adaotbent  Module.  Glass  container 
to  hold  the  solid  adsorbent.  A  shematic 
(Sagrass  is  shown  in  Figure  23-2  Other 
physical  configurations  of  the  resin  trap/ 
condenser  assembly  are  acceptable.  The 
connecting  fittings  shall  form  leak-bee. 
vacuum  tight  seats.  No  sealant  grtaset  shtfi 
be  used  in  the  sampling  train.  A  coarse  glass 
bit  ie  included  to  retain  the  adsorbent 


12  Sample  Recovery. 

22.1  Fitting  Caps.  Ground  glass.  Teflon 
tape.  «r  aluminum  foil  (Section  2.2.6|  to  cap 
off  the  sample  exposed  sections  of  the  train. 

222  Wash  Bardea.  Teflon.  SOO-ml. 

223  Probe-Liner  Probe-Nozzle,  and  Filler- 
Holdee  Brushes.  Inert  bristle  brushes  with 
precleaned  stainless  steel  or  Teflon  handles 
The  probe  brush  shalE  have  extensions  of 
•tainleas  steel  or  Teflon  at  least  as  long  as 
the  probe.  The  brushes  shall  be  properly 
sized  and  shaped  to  brush  out  the  nozzle, 
probe  liner,  and  transfer  line,  if  used. 

BtuMa  coot  ssae-so-si 


Condensar  Soibonl  Tiap 

Flua  Qa«  Flow - 
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ZZ4  Filter  Storage  Container.  Sealed 
niter  holder,  wide-mouth  amber  glass  jar  with 
TeHon-lined  cap.  or  glass  petri  dish. 

2.2.S  Balance.  Triple  beam. 

2.2.S  Aluminum  FoiL  Heavy  duty,  hexane- 
rinsed. 

2.2.7  Metal  Storage  Container.  Air  tight 
container  to  store  silica  gel. 

2.2.8  Graduated  Cylinder.  Class.  2SO-ml 
with  2-mi  graduation. 

2.2.9  Class  Sample  Storage  Container. 
Amber  glass  bottle  for  sample  glassware 
washes.  500-  or  lOOO-ml.  with  leak  free 
Teflon-lined  caps. 

2.3  Analysis. 

2.3.1  Sample  Container.  125-  and  250-ml 
flint  glass  bottles  with  Teflon-lined  caps. 

2.3.2  Test  Tube.  Class. 

2.3.3  Soxhiet  Extraction  Apparatus. 
Capable  of  holding  43  x  123  mm  extraction 
thimbles. 

2.3.4  Extraction  Thimble.  Class, 
precleaned  cellulosic.  or  glass  fiber. 

2.3.5  Pasteur  Pipettes.  For  preparing  liquid 
chromatographic  columns. 

2.3.6  Reacti-viais.  Amber  glass.  2-ml. 
silanized  prior  to  use. 

2.3.7  Rotary  Evaporator  Buchi/Brinkman 
RF-121  or  equivalent. 

2.3.8  Nitrogen  Evaporative  Concentrator. 
N-Evap  Analytical  Evaporator  Model  111  or 
equivalent 

2.3.9  Separatory  Funnels.  Class.  2-liIer. 

2.3.10  Cas  Chromatograph.  Consisting  of 
the  following  components: 

2.3.10.1  Overt  Capable  of  maintaining  the 
separation  column  at  the  proper  operating 
temperature  £  *C  and  performing 
programmed  increases  in  temperature  at 
rates  of  at  least  40  ’C/mirt 

2.3.10.2  Temperature  Gauge.  To  monitor 
column  oven,  detector,  and  exhaust 
temperatures  £  1  *C 

2.3.10J  Flow  System.  Cas  metering 
system  to  measure  sample,  fuel  combustion 
gas.  and  carrier  gas  flows. 

2J.10.4  Capillary  Columns.  A  fused  silica 
column.  60  x  0.25  mm  inside  diameter  (ID), 
coated  with  08-5  and  a  fused  silica  column. 
30  m  X  0.25  mm  ID  coated  with  DB-225. 

Other  column  systems  may  be  used  provided 
that  the  user  is  able  to  demonstrate  using 
calibration  and  performance  checks  that  the 
column  system  is  able  to  meet  the 
specifications  of  section  6.I.2.2. 

2.3.11.  Mass  Spectrometer.  Capable  of 
routine  operation  at  a  resolution  of  1:10000 
with  a  stability  of  ±  5  ppm. 

2.3.12  Data  System.  Compatible  with  the 
mass  spectrometer  and  capable  of  monitoring 
at  least  five  groups  of  25  ions. 

2.3.13  Analytical  Balance.  To  measure 
within  0.1  mg. 

3.  Reagents 

3.1  Sampling. 

3.1.1  Filters.  Class  fiber  filters,  without 
organic  binder,  exhibiting  at  least  99.95 
percent  efficiency  ( <0.05  percent 
penetration)  on  0.3-micron  dioctyl  phthalate 
smoke  particles.  The  filter  efficiency  lest 
shall  be  conducted  in  accordance  with  ASTM 
Standard  Method  D  2966-71  (Reapproved 
1978)  (incorporated  by  reference — see 

I  80.17). 

3.1.1. 1  Precleaning.  All  filters  shall  be 
cleaned  before  their  initial  use.  Place  s  glass 


extraction  thimble  and  1  g  of  silica  gel  and  a 
plug  of  glass  wool  into  a  Soxhiet  apparatus, 
charge  the  apparatus  with  toluene,  and  reflux 
for  a  minimum  of  3  hours.  Remove  the  toluene 
and  discard  it.  but  retain  the  silica  gel  Place 
no  more  than  SO  filters  in  the  thimble  onto  the 
silica  gel  bed  and  lop  with  the  cleaned  glass 
wool.  Charge  the  Soxhiet  with  toluene  and 
reflux  for  16  hours.  After  extraction,  allow 
the  Soxhiet  to  cool,  remove  the  filters,  and 
dry  them  under  a  clean  N<  stream.  Store  the 
filters  in  a  glass  petri  dish  sealed  with  Teflon 
tape. 

3.1.2  Adsorbent  Resin.  Amberiile  XAD-2 
resin.  Thoroughly  cleaned  before  initial  use. 

3.1.2.1  Cleaning  Procedure.  This 
procedure  may  be  carried  out  in  a  giant 
Soxhiet  extracted.  An  all-glass  filter  thimble 
containing  an  extra-course  frit  is  used  for 
extraction  of  XAD-2.  The  frit  is  recessed  10- 
15  mm  above  a  crenelated  ring  at  the  bottom 
of  the  thimble  to  facilitate  drainage.  The  resin 
must  be  carefully  retained  in  the  extractor 
cup  with  a  glass  wool  plug  and  a  stainless 
steel  ring  because  it  floats  on  methylene 
chlonde.  This  process  involves  sequential 
extraction  in  the  following  order. 


Solvent 

Procadura 

W:itw 

In.’tal  rinsac  Placa  resm 
in  a  baakar.  nrisa  onca 
witn  watar.  and 
dacafU  n  Mdi  water 
a  second  linia.  M 
stand  ovanagM.  and 
discard. 

Water _ _ 

Mamennl . 

txxjra. 

Extract  for  22  hows. 
Extract  for  22  hours. 
Extract  tor  22  hoursL 

1 

Mamyiane  Chlonda _ 

TMuana  . . . . 

3.1.2.2  Drying. 

3.1.2.2.1  Drying  Column.  Pyrex  pipe.  10.2 
cm  ID  by  0.8  m  long,  with  suitable  retainers. 

3.1.2.U  Procedure.  The  adsorbent  must 
be  dried  with  clean  inert  gas.  Liquid  nitrogen 
from  a  standard  commercial  liquid  nitrogen 
cylinder  has  proven  to  be  a  reliable  source  of 
large  volumes  of  gas  free  from  organic 
contaminants.  Connect  the  liquid  nitrogen 
cylinder  to  the  column  by  s  length  of  cleaned 
copper  tubing.  0.95  cm  ID.  coiled  to  pass 
through  a  heat  source.  A  convenient  heat 
source  is  a  water-bath  heated  from  a  steam 
line.  The  final  nitrogen  temperature  should 
only  be  warm  to  the  touch  and  not  over  40  *C 
Continue  flowing  nitrogen  through  the 
adsorbent  until  all  the  residual  solvent  is 
removed.  The  flow  rale  should  be  sufTicient 
to  gently  agitate  the  particles  but  not  so 
excessive  as  the  cause  the  particles  to 
fracture. 

3.1.2J  Quality  Control  Check.  The 
adsorbent  must  be  checked  for  residual 
toluene. 

3.1.2.3.1  Extraction.  Weigh  1.0  g  sample  of 
dried  resin  into  a  small  vial,  add  3  ml  of 
toluene,  cap  the  vial,  and  shake  it  welL 

3.1.2J.2  Analysis.  Inject  a  2  lU  sample  of 
the  extract  into  a  gas  chromatograph 
operated  under  the  following  conditions: 

Column:  6  ft  x  W  in  stainless  steel 
containing  10  percent  OV-101  on  100/120 
Supelcoport. 

Carrier  Cas:  Helium  at  a  rate  of  30  ml/min. 


Detector  Flame  ionization  detector 
operated  at  a  sensitivity  of  4  x  10-  '  A,' 
mV. 

Injection  Port  Temperature:  250  "C. 

Detector  Temperature;  305  "C 

Oven  Temperature:  30  ‘C  for  4  mm; 
programmed  to  nse  at  40  ‘C/min  until  it 
reaches  250  'C.  return  to  30  "C  after  17 
minutes. 

Compare  the  results  of  the  analysis  to  the 
results  from  the  reference  solution.  Prepare 
the  reference  solution  by  injection  2.5  iil  of 
methylene  chlonde  into  100  ml  of  toluene. 

This  corresponds  to  100  ^g  of  methylene 
chloride  per  g  of  adsorbent.  The  maximum 
acceptable  concentration  is  1000  ug/g  of 
adsorbent.  If  the  adsorbent  exceeds  this 
level,  drying  must  be  continued  until  the 
excess  methylene  chlonde  is  removed 

3.1.2.4  Storage.  The  adsorbent  must  be 
used  within  4  weeks  of  cleaning.  After 
cleaning,  it  may  be  stored  in  a  wide  mouth 
amber  glass  container  with  a  Teflon-lined  cop 
or  placed  in  one  of  the  glass  adsorbent 
modules  tightly  sealed  with  glass  stoppers.  If 
precleaned  adsorbent  is  purchased  In  sealed 
containers,  it  must  be  used  within  4  weeks 
after  the  seal  is  broken. 

3.1.3  Class  Wool.  Cleaned  by  sequential 
immersion  in  three  aliquots  of  methylene 
chloride,  dned  in  a  110  ’C  oven,  and  stored  in 
a  methylene  chloride-washed  glass  jar  with  a 
Teflon-lined  screw  cap. 

3.1.4  Water.  Deionized  distilled  and 
stored  in  a  methylene  chlonde-rinsed  glass 
container  with  a  Teflon-lined  screw  cap. 

3.1.5  Silica  Cel.  Indicating  type.  6  to  16 
mesh.  If  previously  used,  dry  at  175  *C  (350 
*F)  for  two  hours.  New  silica  gel  may  be  used 
as  received.  Alternately  other  types  of 
desiccants  (equivalent  or  better)  may  be 
used,  subject  to  the  approval  of  the 
Administrator. 

3.1.6  Chromic  Acid  Cleaning  Solution. 
Dissolve  20  g  of  sodium  dichromate  in  15  ml 
of  water,  and  then  carefully  add  400  ml  of 
concentrated  sulfunc  acid. 

3.2  Sample  Recovery. 

3.2.2  Acetone.  Pesticide  quality. 

3.2.2  Methylene  Chloride.  Pesticide 
qaaltity. 

3.2.3  Toluene.  Pesticide  quality. 

3.3  Analysis. 

3.3.1  Potassium  Hydroxide.  ACS  grade.  2- 
percent  (weight/volume)  in  water. 

3.3.2  Sodium  Sulfate.  Granulated,  reagent 
grade.  Punfy  prior  to  use  by  nnsing  with 
methylene  chlonde  and  oven  drying.  Store 
the  cleaned  matenal  in  a  glass  container  with 
a  Teflon-lined  screw  cap. 

3.3.3  Sulfunc  Acid.  Reagent  grade. 

3.3.4  Sodium  Hydroxide.  1.0  N.  Weigh  40  g 
of  sodium  hydroxide  into  a  1-Iiter  volumetnc 
flask.  Dilute  to  1  liter  with  water. 

3.3.5  Hexane.  Pesticide  graoe. 

3.3.8  Methylene  Chlonde.  Pesticide  grade. 

3.3.7  Benzene.  Pesticide  Grade. 

3.3.8  Ethyl  Acetate. 

3.3.9  Methanol.  Pesticide  Grade. 

3.3.10  Toluene.  Pesticide  Grade. 

3.3.11  Nonane.  Pesticide  Grade. 

3.3.12  Cyclohexane.  Pesticide  Grade. 

3.3.13  Basic  Alumina.  Activity  grade  1. 
100-200  mesh.  Pnor  to  use.  activate  the 
alumina  by  healing  for  18  hours  at  130  *C 
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before  ute.  Store  ia  a  desiccelor.  Pte- 
■ctivatmi  elumine  nay  be  perchajed  from  a 
ruppiiar  and  may  be  used  aa  received. 

3.3.U  Silica  GeL  Blo-SU  A.  lOO-aOO  meth. 
Prior  to  lue.  activate  tba  tilica  gai  by  heating 
for  at  least  30  miautaa  at  ISO  ’C  After 
cooling,  rinse  the  silica  gal  sequentially  with 
methanol  and  methylena  chlonda.  Hast  the 
rinsed  silica  gel  at  SO  *C  for  10  minutea.  then 
incrcosa  the  temperature  gradually  to  lao  *C 
over  2S  minutes  and  maintain  it  at  this 
temperature  for  90  minutes.  Cool  at  room 
temperature  and  store  in  a  glass  container 
with  a  Teflon-lined  screw  cap. 

3.3.13  Silica  Cel  Impregnated  with 
Sulfuric  Acid.  Combine  lOQ  g  of  silica  gel  with 
44  g  of  concentrated  sulfuric  acid  In  a  screw 
capped  glass  bottle  and  agitate  thoroughly. 
Disperse  the  solids  with  e  itining  rod  until  a 
uniform  mixture  is  obtained.  Store  the 
mixture  in  a  glass  containar  with  a  Teflon- 
lined  screw  cap. 

3.3.10  Silica  Cel  Impregnated  with 
Sodium  Hydroxide.  Combine  39  g  of  1  H 
sodium  hydroxide  with  100  g  of  silica  gel  In  a 
screw  chpped  glass  bottle  and  agitata 
thoroughly.  Disperse  solids  with  a  stfrring  rod 
until  a  uniform  mixture  Is  obtained.  Store  (ha 
mixture  in  glass  container  with  t  Teflon-lined 
screw  cap. 

3.3.17  Carbon/Cefite.  Combine  10.7  g  of 
AX-21  carbon  with  124  g  of  Celite  343  In  a 
2S0-nil  glass  bottle  with  a  Teflon-lined  screw 
cap.  Agitate  the  mixttire  thoroughfy  until  a 
uniform  mixture  ia  obtained.  Store  in  the 
glasa  container. 

3.3.19  Nitrogen.  Ifitn  high  purity. 

3.3.19  Hydrogen.  Ultra  high  purity. 

3.3.2fl  Iittemal  Standard  Solution.  Prepare 
a  stock  gtaadttxt  soiaCton  oantginwg  the 
isotopically  labelled  PCDD's  and  PCDrs  al 
the  concentre tiona  shown  ha  Table  1  under 
the  heading  "Internal  Standards"  in  10  mi  of 
nonane. 

3.3.21  Surrogate  Stendard  Sotudon. 
Prepare  e  stock  standard  sohition  containing 
the  isotopically  labelled  PCDD's  and  PCDFs 
at  the  concentrations  shown  in  Table  1  under 
the  heading  “Surrogate  Standards*  in  10-ml  of 
nonane. 

3.3.22  Recovery  Standard  Solution. 

Prepare  a  stock  standard  solotioo  containing 
the  isotopically  labelled  I’CDD's  and  PCDFa 
at  the  concentrations  shown  in  Table  1  under 
the  heading  “Recovery  Standards'  in  10  ml  of 
nonane. 

4.  Fiveedure 

4.1  Sampling.  The  complexity  of  this 
method  is  auch  that  in  onUr  to  obtain 
reliable  results,  testers  itumid  be  treined  and 
experieoetd  with  the  test  prcceduiea. 

4.1.1  Pretest  Preparation. 

4.l.l.t  Cleaning  Claaawate.  All  giaas 
cemponenta  of  the  train  upstream  of  and 
including  the  adsorbent  module,  shall  be 
cleaned  aa  described  In  section  3A  of  the 
".Manual  of  Analytical  Methods  for  the 
Analysis  of  Pesticides  in  Human  and 
Environmental  Samples."  Special  care  shall 
be  devoted  to  the  removal  of  residuai  silicone 
grease  seaienta  on  ground  glass  connections 
of  used  glassware.  Any  residue  shall  be 
removed  by  soaking  the  glassware  for  several 
hours  in  a  chromic  acid  cleaning  solution 
pnor  to  cicarung  ss  described  above. 


4.1.1.2  Adsorfamit  Trap.  The  traps  must  be 

loaded  in  a  claaii  area  to  avoid 
contamination.  They  may  not  be  in 

tha  field.  Fill  a  trap  with  20  to  40g  of  XAO-2. 
Follow  the  XA&-2  with  glass  wool  and 
tightly  cap  both  ends  of  tha  trap.  Add  100  til 
of  tha  soTTogate  standard  solution  (section 
3.3  Ji)  to  each  trap. 

4.1. U  Sample  Tiain.  It  ia  suggested  that 
all  components  be  maintained  according  to 
the  procedure  described  in  A^TD-OSTa, 

4.1.1.4  Silica  Cel.  Weigh  sevarai  200  to  300 
g  portions  of  silica  gel  in  an  air  tight 
container  to  the  nearest  0.S  g.  Record  the 
total  weight  of  the  silica  gel  pine  container, 
on  each  conteiner.  As  an  altemetivai  the 
silica  gei  may  be  weighed  directly  fa  its 
impinger  or  sampling  holder  lust  prior  to 
sampling. 

4.1. t.S  Filler.  Check  each  Alter  against 
light  for  irregularities  and  flaws  or  pinhole 
leaks.  Pack  the  filters  flat  In  a  clean  glass 
container. 

4.1.2  Preliminary  Detenninations.  Same  aa 
section  4.1.2  of  Method  S. 

4.1  J  Preparation  of  CoflecLon  Train. 

4.U.1  During  preparation  and  issemLty 
of  the  sampling  train,  keep  all  train  openings 
where  contamination  can  enlar.  sealed  until 
just  prior  to  assembly  or  until  sampling  ia 
about  to  begin. 

Note  Do  not  nae  saalant  grease  in 
assembling  tha  train. 

4.1  J-2  Place  approximately  IQO  ml  of 
water  in  the  second  and  third  Impingete. 
leave  the  lirsl  and  fourth  impingeis  ampty, 
and  transfer  apptoxhnaiely  200  to  300  g  of 
preweigbed  ailios  gei  from  Us  container  to  the 
fifth  impinger. 

4.U.3  Place  the  silica  gei  oontainer  hi  a 
clean  piece  for  later  aae  in  the  sample 
recovery.  Alleraativeiy.  the  weight  of  the 
silica  gel  plua  hnpinger  may  be  determined  to 
the  nearest  OJ  g  and  recorded. 

4.1  J.4  Assemble  the  train  as  shown  in 
Figure  23-1. 

4.1  Tom  on  the  adaorfaent  module  and 
condenaer  coil  recirculating  pump  and  begin 
monitoring  tha  adsorbent  module  gas  entry 
temperature.  Ensue  proper  sorbent 
temperature  gaa  entry  temperatua  before 
proceeding  and  before  sanipling  la  Initiated.  It 
is  extremely  important  that  the  XAD-Z 
adsorbent  resin  temperatura  never  exceed  SO 
*C  because  thermal  decompoaitton  will  occur. 
During  tasting,  the  XAD-2  tonperaone  must 
not  exceed  20  *C  for  cffidenl  capture  of  the 
PCDD's  and  PCDFs. 

4.1.4  Leak-Check  Procedara.  Same  as 
Method  S.  section  4.1.4. 

4.U  Sample  Train  OperatioiL  Sams  as 
Method  3.  section  4.1A 

4.2  Sample  Recovery.  Proper  cleannp 
procedure  begina  aa  toon  ss  the  probe  la 
removed  from  tha  stack  at  the  and  of  tha 
sampling  period.  Seal  the  nmia  end  of  the 
sampling  probe  with  Teflon  tape  or  aluminum 
foil. 

When  the  probe  be  safely  handled, 
wipe  off  all  external  particnlata  matter  near 
the  tip  of  tha  probe.  Remove  the  probe  bom 
the  trein  end  dose  off  both  ends  with 
aluminum  foiL  Seal  off  tha  inlat  to  tha  train 
with  Teflon  tape,  a  ground  glass  cap.  or 
aluminum  foU. 


Tranafar  tha  probe  and  impinger  issemb 
to  tha  cleanup  area.  This  ares  shall  be  dea 
and  endosed  so  that  the  chances  of  losing 
contaminating  the  sample  sre  minimized. 
Smoking,  which  could  contaminate  the 
sample,  shall  not  be  allowed  the  cleanc- 
area. 

Inspect  the  train  prior  to  snd  dunng 
disassembly  snd  note  any  abnormal 
conditions,  e.g,  broken  filters,  colored 
impinger  liquid,  etc.  Treat  the  samples  as 
follows; 

4il  Container  No.  i.  Either  teal  iLe  fi; 
holder  or  carefully  remove  the  filler  from  i 
filter  holder  and  place  it  in  its  identified 
container.  Use  t  pair  of  cleaned  tweezers  ’ 
handle  the  filter.  If  it  is  necessary  to  fold 'd 
filter,  do  to  such  that  the  particulate  cake 
inside  the  fold.  Carefully  transfer  to  the 
container  any  particulate  matter  and  filter 
fibers  which  adhere  to  the  filter  holder 
gasket,  by  using  a  dry  inen  bristle  brush  a 
a  sharp-edged  blade.  Seal  the  container. 

4.2.2  Adsorbent  Module.  Remove  the 
module  from  the  train,  tightly  cap  both  en< 
label  it.  cover  with  aluminum  foiL  and  stoi 
on  ice  for  transport  to  (he  laboratory. 

4.2.3  Container  No.  2.  Quantitatively 
recover  material  deposited  in  the  nozzle, 
probe  transfer  lines,  the  fronl  half  of  the  P. 
holder,  and  the  cydone,  if  used,  first,  by 
brushing  while  rinsing  three  times  each  tv- 
acetone  and  then,  by  rinsing  the  probe  th,- 
times  with  methylene  chloride.  Collect  all 
rinses  in  Container  No.  2. 

Rinse  the  back  half  of  tha  filter  holder  ‘J 
times  with  acetone.  Rinse  the  coonecting  : 
between  tha  filter  and  the  condeiuer  thret 
times  with  acetone.  Soak  the  connecting  i 
with  three  separate  portions  of  methylene 
chloride  for  3  minutes  each.  II  using  a 
separate  condenser  and  adsorbent  trap,  r 
tha  condenser  in  the  same  manner  aa  the 
coonecting  line.  Collect  oil  the  rinses  in 
Container  No.  2  and  mark  the  level  of  the 
liquid  on  the  container. 

4.2.4  Container  No.  1  Repeat  tha 
methylene  chloride-rinsing  desmibed  in 
Section  4.2J  using  toluene  at  tba  rinse 
solvent  Collect  the  rinses  in  Container  N. 
and  mark  the  level  of  the  liquid  on  the 
container. 

4.2J  Impinger  Water.  Measure  the  Uq 
In  the  first  three  nnpingers  to  within  ±1  c 
by  using  a  graduate  cylinder  or  by  weig.'- 
it  to  within  ±03  g  by  using  a  balance.  Re 
the  voinma  or  weight  of  liquid  present  Tt 
Infonnation  ia  required  to  calculate  the 
moisture  content  of  tha  effluent  ga^ 

Discard  the  liquid  after  measuring  and 
recording  tha  volume  or  weight 

4JJ  Silica  GeL  Nota  the  color  of  the 
Indicating  silica  gel  to  determine  if  it  has 
been  ooopleteiy  spent  and  maka  a  menti 
of  Ita  condittoa.  Transfer  tha  silica  gel  fre 
tha  fifth  impingw  to  ita  origmal  container 
saaL 

5.  Analysis 

All  glassware  shall  be  cleaned  as 
described  in  section  3A  of  tha  ‘Manual  o 
Analytical  Mtthods  for  the  Analysis  erf 
Pesticides  in  H'jman  snd  Environmental 
Samples. "  All  samples  must  be  extracioo 
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within  30  days  of  collection  and  analyzed 
within  43  days  of  extraction. 

3.1  Sample  Extraction. 

3.1.1  Extraction  System.  Place  an 
extraction  thimble  (section  2.3.4).  1  g  of  silica 
gel  and  a  plug  of  glass  wool  into  the  Soxhlet 
apparatus,  charge  the  apparatus  with  toluene, 
and  reflux  for  a  minimum  of  3  hours.  Remove 
the  toluene  and  discard  it  but  retain  the 
silica  gel  Remove  the  extraction  thimble 
from  the  extraction  system  and  place  it  in  a 
glass  beaker  to  catch  the  solvent  rinses. 

3.1.2  Container  No.  1  (Filter).  Transfer  the 
contents  directly  to  the  glass  thimble  of  the 
extraction  system  and  extract  them 
simultaneously  with  the  XAD-2  resin. 

3.1.3  Adsorbent  Cartridge.  Suspend  the 
adsorbent  module  directly  over  the  extraction 
thimble  In  the  beaker  (See  section  3.1.1).  The 
glass  frit  of  the  module  should  be  in  the  up 
position.  Using  a  Teflon  squeeze  bottle 
containing  toluene,  flush  the  XAO-2  into  the 
thimble  onto  the  bed  of  cleaned  silica  geL 
Thoroughly  rinse  the  glass  module  catching 
the  rinsings  in  the  beaker  containing  the 
thimble.  If  the  resin  is  wet.  effective 
extraction  can  be  accomplished  by  loosely 
packing  the  resin  in  the  thimble.  Add  the 
XAD-2  glass  wool  plug  into  the  thimble. 

3.1.4  Container  No.  2  (Acetone  and 
Methylene  Chloride).  Concentrate  the  sample 
to  a  volume  of  about  1-5  ml  using  the  rotary 
evaporator  apparatus,  at  a  temperature  of 
less  than  37  *C.  Rinse  the  sample  container 
three  times  with  small  portions  of  methylene 
chloride  and  add  these  to  the  concentrated 
solution  and  concentrate  further  to  near 
dryness.  This  residue  contains  particulate 
matter  removed  In  the  rinse  of  the  train  probe 
and  nozzle.  Add  the  ceneentrate  to  the  Eitar 
and  the  XAO-2  resin  in  the  Soxhlet  apparatus 
described  in  section  3.1.1. 

3.1.3  Extraction.  Add  100  ;il  of  the 
Internal  standard  solution  (Section  3J.20)  to 
the  extraction  thimble  containing  the 
contents  of  the  adsorbent  cartridge,  the 
contents  of  Container  No.  1.  and  the 
concentrate  from  section  5.1.4.  Cover  the 
contents  of  the  extraction  thimble  with  the 
cleaned  glass  wool  plug  to  prevent  the  XAO- 
2  resin  from  floating  into  the  solvent  reservoir 
of  the  extractor.  Place  the  thimble  in  the 
extractor,  and  add  the  toluene  contained  in 
the  beaker  to  the  solvent  reservoir.  Pour 
additional  toluene  to  fill  the  reservoir 
approximately  2/3  fuU.  Add  Teflon  boiling 
chips  and  assemble  the  apparatus.  Adpui  the 
heat  source  to  cause  the  extractor  to  cycle 
three  times  per  hour.  Extract  the  sample  for 
18  hours.  After  extraction,  allow  the  Soxhlet 
to  cooL  Transfer  the  toluene  extract  and 
three  lO-ml  rinses  to  tha  rotary  evaporator. 
Concentrate  the  extract  to  approximately  10 
ml  At  this  point  tha  analyst  may  choose  to 
split  the  sample  in  half.  If  so.  split  the  sample, 
store  one  half  for  future  use.  and  analyze  the 
other  according  to  the  procedures  in  sections 

5.2  and  3.3.  In  either  case,  use  a  nitrogen 
evaporative  concentrator  to  reduce  the 
volume  of  the  sample  being  analyzed  to  near 
dryness.  Dissolve  the  residue  in  3  ml  of 
hexane. 

3.1.6  Container  No.  3  (Toluene  Rinse). 
Add  100  fil  of  the  Internal  Standard  solution 
(section  3.3.2)  to  the  contents  of  the 
container.  Concentrate  the  sample  to  a 


volume  of  about  1-3  ml  using  the  rotary 
evaporator  apparatus  at  a  temperature  of  less 
than  37  *C  Rinse  the  sample  container 
apparatus  at  a  temperature  of  less  than  37  *C. 
Rinse  the  sample  container  three  times  with 
small  portions  of  toluene  and  add  these  to  the 
concentrated  solution  and  concentrate  further 
to  near  dryness.  Analyze  the  extract 
separately  according  to  the  procedures  in 
sections  5.2  and  5.3.  but  concentrate  the 
solution  in  a  rotary  evaporator  apparatus 
rather  than  a  nitrogen  evaporative 
concentrator. 

5.2  Sample  Cleanup  and  Fractionation. 

3.2.1  Silica  Cel  Column.  Pack  one  end  of  a 
glass  column.  20  mm  x  230  mm.  with  glass 
wooL  Add  in  sequence.  1  g  silica  geL  2  g  of 
sodium  hydroxide  impregnated  silica  geL  1  g 
silica  geL  4  g  of  acid-modified  silica  gel.  and  1 
g  of  silica  gel.  Wash  the  column  with  30  ml  of 
hexane  and  discard  it  Add  the  sample 
extract  dissolved  in  3  ml  of  hexane  to  the 
column  with  two  additional  5-ml  nnses.  Elute 
the  column  v/ith  an  additional  90  ml  of 
hexane  and  retain  the  entire  eluate. 
Concentrate  this  solution  to  a  volume  of 
about  1  ml  using  the  nitrogen  evaporative 
concentrator  (section  2.3.7). 

3.2.2  Basic  Alumina  Column.  Shorten  a 
2S-ml  disposable  Pasteur  pipette  to  about  16 
mi.  Pack  the  lower  section  with  glass  wool 
and  12  g  of  basic  alumina.  Transfer  the 
concentrated  extract  from  the  silica  gel 
column  to  the  top  of  the  basic  alumina 
column  and  elute  the  column  sequentially 
with  120  ml  of  0.3  percent  methylene  chloride 
in  hexane  followed  by  120  ml  of  35  percent 
methylene  chloride  in  hexane.  Discard  tha 
flrst  120  mi  of  eluata.  Collect  the  second  120 
ml  of  eluata  and  concantrale  it  to  about  0.5  ml 
using  tha  nitrogen  evaporative  concentrator. 

3.2J  AX-21  Carbon/Celita  543  Column. 
Remove  the  botton  a3  in.  from  the  bp  of  a  ^ 
ml  disposable  Pasteur  pipette.  Insert  a  glass 
Fiber  Alter  disk  in  the  top  of  the  pipette  2.5  cm 
from  the  constrictioa  Add  sufficient  carbon/ 
celite  mixture  to  form  a  2  cm  coiumn.  Top 
with  a.g!ass  wool  plug.  In  some  cases  AX-21 
carbon  fines  may  wash  through  the  glass 
wool  plug  and  enter  the  sample.  This  may  be 
prevented  by  adding  a  celite  plug  to  the  exit 
end  of  the  column.  Rinse  the  column  in 
sequence  with  2  mi  of  SO  percent  benzene  In 
ethyl  acetata.  1  ml  of  SO  percent  methylene 
chloride  In  cyclohexane,  and  2  ml  of  hexane. 
Discard  these  rinses.  Transfer  the 
concentrate  in  1  ml  of  hexane  from  the  basic 
alumina  column  to  the  carbon/ceiita  column 
along  with  1  ml  of  hexane  rinse.  Elute  tha 
column  sequentially  with  2  ml  of  50  percent 
methylene  chloride  in  hexane  and  2  ml  of  50 
'  percent  benzene  in  ethyl  acetate  and  discard 
these  eluates.  Invert  the  column  and  slute  In 
the  reverse  direcdon  with  13  ml  of  toluene. 
Collect  this  eluata.  Concentrate  the  eluate  in 
a  rotary  evaporator  at  30  ’C  to  about  1  ml. 
Transfer  the  concentrate  to  a  Reacb-vial 
using  a  toluene  rinse  and  concentrate  to  a 
volume  of  200  fsl  using  a  stream  of  Ni.  Store 
extracts  at  room  temperature,  shielded  from 
light  until  the  analysis  is  performed. 

3.3  Analysis.  Analyza  the  sample  with  a 
gas  chromatograph  coupled  to  a  mass 
spectrometer  (CC/MS)  using  the  Instrumental 
parameters  in  sections  3.3.1  and  3.3.2. 
immediately  pnor  to  analysis,  add  s  20  >tl 


aliquot  of  the  Recovery  Standard  solution 
from  Table  1  to  each  sample.  A  2  i^l  aliquot  of 
the  extract  is  Injected  Into  the  CC  Sample 
extracts  sre  First  analyzed  using  the  DB-3 
capillary  column  to  determine  the 
concentration  of  each  Isomer  of  PCDD's  and 
PCDFs  (tetra- through  octa-).  If  tetra- 
chlonnated  dibenzofurans  are  detected  In 
this  analysis,  then  analyze  another  aliquot  of 
the  sample  in  a  separate  rua  using  (he  00- 
223  column  to  measure  the  2.3.7. 8  tetra<hlorQ 
dibenzofuran  isomer.  Other  column  systems 
may  be  used,  provided  that  the  user  is  able  to 
demonstrate  using  calibration  and 
performance  checks  that  the  column  system 
is  able  to  meet  the  specifications  of  section 
8.I.2.2. 

SJ.l  Cas  Ch.-omatograph  Operating 
Conditions. 

5.3.1. 1  Injector.  Configured  for  capiilary 
coiumn.  splitless.  250'C. 

5.3.1.2  Carrier  Cas.  Helium.  1-2  ml/ min. 

5.3. 1.3  Oven.  Initially  at  150*C.  Raise  by 
at  least  40*C/min  to  190‘C  and  then  at  3'C/ 
mm  up  to  300*C 

5.3.2  High  Resolution  Mass  Spectro.Ticter 

5.3.2.1  Resolution.  10000  m/e. 

5.3.2.2  Ionization  Mode.  Electron  Impact. 

3.3. 2.3  Source  Temperature  2S0*C. 

5.3.2.4  Monitoring  Mode.  Selected  ion 
monitoring.  A  list  of  the  various  ions  to  be 
monitored  is  summarized  in  Table  3. 

5.3.2.5  Identification  Critena.  The 
following  identiFicaUon  criteria  shall  be  used 
for  the  characterization  of  polychlorinated 
dibenzodioxins  and  dibenzofurans. 

1.  The  integrated  ion-abundance  ratio  (M/ 
M-i-2  or  M  +  2/M-f4)  shall  be  within  15 
percent  of  the  theoretical  value.  The 
acceptable  ion-abundance  rabo  ranges  for 
the  idenbficabon  of  chlonne-containing 
compounds  are  given  in  Table  4. 

2.  The  retention  time  for  the  analytes  must 
be  within  3  seconds  of  the  corresponding 

“  C-labeled  internal  standard,  surrogate  or 
alternate  standard. 

3.  The  monitored  ions,  shown  in  Table  3  for 
a  given  analyte,  shall  reach  their  maximum 
within  2  seconds  of  each  other. 

4.  The  identification  of  specific  isomers 
that  do  not  have  corresponding  C  labeled 
standards  is  done  by  companson  of  the 
relative  retention  time  (RRT)  of  the  analyte  to 
the  nearest  internal  standard  retention  time 
with  reference  (i.e..  within  0.005  RRT  units)  to 
the  comparable  RRT s  found  in  the  continuing 
calibre  tioa 

3.  The  signal  to  noise  ratio  for  all 
monitored  ions  must  be  greater  than  2.3. 

8.  The  confirmation  of  2.  3.  7.  8-TCDD  and 
2.  3.  7.  8-TCDF  shall  satisfy  all  of  the  above 
identification  criteria. 

7.  For  the  identification  of  PCDF a.  no 
signal  may  be  found  in  the  corresponding 
PCDPE  channels. 

SJ.2.8  Quantification.  The  peak  areas  for 
the  two  ions  monitored  for  each  analyte  are 
summed  to  yield  the  total  response  for  each 
analyte.  Each  internal  standard  Is  used  to 
quantify  the  indigenous  PCDD's  or  PCDf* s  in 
its  homologous  senes.  For  example,  the 

C  ,j-2.3.7.B-tctra  chlonnated  dibenzodioxin 
is  used  to  calculate  the  concentrations  of  all 
other  tetra  chlonnated  isomers.  Recovenes  of 
the  tetra-  and  penia-  iniemat  standards  are 
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calculated  using  the  '*  C  i»-l,i3.+-TCDD. 
Recoveries  of  the  hexa-  through  octa-  internal 
standards  are  calculated  using  C  i>- 
t.2.3.7.8.a-HxCDO.  Recoveries  of  the 
surrogate  standards  are  calculated  using  the 
corresponding  homolog  from  the  internal 
standard. 

6.  Calibration 

Same  as  Method  S  with  the  following 
edditions. 

6.1  CC/MS  System. 

6.1.1  Initial  Calibration.  Calibrate  the  CC/ 
MS  system  using  the  set  of  five  standards 
shown  in  Table  Z.  The  relative  standard 
deviation  for  the  mean  response  factor  from 
each  of  the  unlabeled  analytes  (Table  2)  and 
of  the  internal,  surrogate,  and  alternate 
standards  shall  be  less  than  or  eoual  to  the 
values  in  Table  S.  The  signal  to  noise  ratio  for 
the  CC  signal  present  in  every  selected  ion 
current  profile  shall  be  greater  than  or  equal 
to  2.5.  The  ion  abundance  ratios  shall  be 
within  the  control  limits  in  Table  4. 

6.1.2  Daily  Performance  Check. 

6.1.2.1  Calibration  Check.  Inject  on  |xl  of 
solution  Number  3  from  Table  2.  Calculate 
the  relative  response  factor  (RRF)  for  each 
compound  and  compare  each  RRF  to  the 
corresponding  mean  RRF  obtained  during  the 
initial  calibration.  The  analyzer  performance 
is  acceptable  if  the  measured  RRF* s  for  the 
labeled  and  unlabeled  compounds  for  the 
daily  run  are  within  the  limits  of  the  mean 
values  shown  in  Table  5.  In  addition,  the  ion- 
abundance  ratios  shall  be  within  the 
allowable  control  limits  shown  in  Table  4. 

6.1.2.2  Column  Separation  Check.  Inject  a 
solution  of  a  mixture  of  PCDO's  and  PCOF s 
that  documents  resolution  between  2.3.7.8> 
TCDO  and  other  TCDO  isomers.  Resolution  is 
defined  as  a  valley  between  peaks  that  is  less 
than  25  percent  of  the  lower  of  the  two  peaks. 
Identify  and  record  the  retention  time 
windows  for  each  homologous  series. 

Perform  a  similar  resolution  check  on  the 
confirmation  column  to  document  the 
resolution  between  2.3.7.8  TCDF  and  other 
TCOF  isomers. 

6.2  Lock  Channels.  Set  mass  spectrometer 
lock  channels  as  specified  in  Table  3.  Momtor 
the  quality  control  check  chanoels  speoficd 
in  Table  3  to  verify  instrument  stability 
during  the  analysis. 

7.  Quality  Control 

7.1  Sampling  Train  Collection  Efficiency 
Check.  Add  100  fil  of  the  surrogate  standards 
in  Table  1  to  the  absorbent  cartridge  of  each 
train  before  collecting  the  field  samples. 

7.2  Internal  Standard  Percent  Recoveries. 
A  group  of  nine  carbon  labeled  PCOD's  and 
PCOFs  representing,  the  tetra-ihrough 
octachlorinated  homologues.  is  added  to 
every  sample  prior  to  extraction.  The  role  of 
the  internal  standards  is  to  quantify  the 
native  PCDO's  and  PCDFs  present  in  the 
sample  aa  well  as  to  determine  the  overall 
method  efficiency.  Recoveries  of  the  internal 
standards  must  be  between  40  to  130  percent 
for  the  tetra-through  hexachlorinated 
compounds  while  the  range  is  25  to  130 
percent  for  the  higher  hepta-  and 
octachlorinated  homologues. 

7.3  Surrogate  Recoveries.  The  five 
surrogate  compounds  in  Table  2  are  added  to 


the  resin  in  the  adsorbent  sampling  cartridge 
before  the  sample  is  collected.  The  surrogate 
recoveries  are  measured  relative  to  the 
internal  standards  and  are  a  measure  of 
collection  efficiency.  They  are  not  used  to 
measure  native  PCDD's  and  PCDFs.  All 
recoveries  shall  be  between  70  and  130 
percent.  Poor  recovenes  for  all  the  surrogates 
may  be  an  indication  of  breakthrough  in  the 
sampling  train.  If  the  recovery  of  all 
standards  is  below  70  percent  the  sampling 
runs  must  be  repeated.  As  an  alternative,  the 
sampling  runs  do  not  have  to  be  repeated  if 
the  final  results  are  divided  by  the  fraction  of 
surrogate  recovery.  Poor  recoveries  of 
isolated  surrogate  compounds  should  not  be 
grounds  for  rejecting  an  entire  set  of  the 
samples. 

7.4  Toluene  QA  Rinse.  Report  the  results 
of  the  toluene  QA  rinse  separately  from  the 
total  sample  catch.  Do  not  add  it  to  the  total 
sample. 

8.  Quality  Assurance 

8.1  Applicability.  When  the  method  is 
used  to  analyze  samples  to  demonstrate 
compliance  with  a  source  emission 
regulation,  an  audit  sample  must  be  analyzed, 
subject  to  availability. 

8.2  Audit  Procedure.  Analyze  an  audit 
sample  with  each  set  of  compliance  samples. 
The  audit  sample  contains  tetra  through  octa 
isomers  of  PCDO  and  PCOF.  Concurrently, 
analyze  the  audit  sample  and  a  set  of 
compliance  samples  in  the  same  manner  to 
evaluate  the  technique  of  the  analyst  and  the 
standards  preparation.  The  same  analyst 
analytical  reagents,  and  analytical  system 
shall  be  used  both  for  the  compliance 
samples  and  the  EPA  audit  sample. 

8J  Audit  Sample  Availability.  Audit 
samples  will  be  supplied  only  to  enforcement 
agencies  for  compliance  tests.  The 
availability  of  audit  samples  may  be  obtained 
by  writing;  Source  Test  Audit  Coordinator 
(MD-77B).  Quality  Assurance  Divisioa 
Atmospheric  Research  and  Exposure 
Assessment  Laboratory.  U.S.  fovironmental 
Protection  Agency.  Research  Triangle  Park. 
NC  27711.  or  by  calling  the  Source  Test  Audit 
Coordinator  (STAQ  at  (519)  541-7834.  The 
request  for  the  audit  sample  must  be  made  at 
least  30  days  prior  to  the  scheduled 
compliance  sample  analysis. 

6.4  Audit  Results.  Calculate  the  audit 
sample  concentration  according  to  the 
calculation  procedure  described  in  the  audit 
instructions  included  with  the  audit  sample. 
Fill  in  the  audit  sample  concentration  and  the 
analyst's  name  on  the  audit  response  form 
included  vvith  the  audit  instructions.  Send 
one  copy  to  the  EPA  Regional  Office  or  the 
appropriate  enforcement  agency  and  a 
second  copy  to  the  STAC  The  EPA  Regional 
office  or  the  appropriate  enforcement  agency 
will  report  the  results  of  the  audit  to  the 
laboratory  being  audited.  Include  this 
response  with  the  results  of  the  compliance 
samples  in  relevant  reports  to  the  EPA 
Regional  Office  or  the  appropriate 
enforcement  agency. 

9.  Calculations 

Same  as  Method  5.  section  6  with  the 
following  edditions. 

9.1  Nomenclature. 


Integrated  ion  current  of  the  noise  at 
the  retention  time  of  the  analyte. 

A ‘a  =  Integrated  ion  current  of  the  two  lor.s 
characteristic  of  the  internal  standard  i 
in  the  calibration  standard. 

Aa,» Integrated  ion  current  of  the  two  ions 
characlenslic  of  compound  i  in  the  |th 
calibration  standard. 

A'ui“ Integrated  ion  current  of  the  two 
ions  characteristic  of  the  internal 
standard  i  in  the  jth  calibration  standard. 

A™  =  Integrated  ion  current  of  the  two  ions 
characteristic  of  surrogate  compound  i  m 
the  calibration  standard. 

A,  =  Integrated  ion  current  of  the  two  ions 
characteristic  of  compound  i  in  the 
sample. 

A',  =  Integrated  ion  current  of  the  two  ions 
charactenstic  of  internal  standord  i  in 
the  sample. 

A„» Integrated  ion  current  of  the  two  ions 
charactenstic  of  the  recovery  standard. 

A.,  =  Integrated  ion  current  of  the  two  ions 
characteristic  of  surrogate  compound  i  in 
the  sample. 

C,  =  Concentration  of  PCDD  or  PCDF  i  in 
the  sample.  pg/M  *. 

Cr^Total  concentration  of  PCDD's  or 
PCOFs  in  the  sample.  pg/M  ’. 

m^sMass  of  compound  I  in  the  calibration 
standard  injected  into  the  analyzer,  pg. 

m„sMass  of  recovery  standard  in  the 
calibration  standard  injected  into  the 
analyzer,  pg. 

m^sMasa  of  surrogate  compound  i  in  the 
calibration  standard,  pg. 

RRF,wRelative  response  factor. 

RRFm^i  Recovery  standard  response  factor. 

RRF,  w  Surrogate  compound  response 
factor. 

9.2  Average  Relative  Response  Factor. 

I  n  Afu  m'a  Eq.  23-1 

RRF,=  —  Z  - 

n  jwi  A’ta  tn^ 


9.3  Concentration  of  the  PCDD's  and 
PCDFs. 


m,*  A 


A*  RRF,  V, 


Eq.  23-2 


9.4  Recovery  Standard  Response  Factor. 


Aa'nv, 

RRF„=.  - 

A™  m,* 


Eq.  23-3 


9.5  Recovery  of  Internal  Standards  (R’]. 


A'  m„ 

R’w -  XtOM 

A,  RF„  m,* 


Eq. 

23-4 


9.6  Surrogate  Compound  Response 
Factor. 


I 
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A,*  m, 
col^* 


9.7  Recovery  of  Surrogate  Compounds 

fK.)- 


A,  m,’ 

R.- - X100% 

A*  RRf.  m. 


9  8  Minimum  Detectable  Limit  (MDL). 


2.S  m,* 

A„*  RRF, 


9.9  Total  Concentration  of  PCDO's  and 
PCOFa  in  the  Sample. 


n 

I  C, 
i=.l 


Any  PCOO'a  or  PCDFs  that  are  reported  as 
noodetected  (below  the  MDL)  shall  be 
counted  aa  zero  for  the  purpose  of  calculating 
the  total  concentration  of  PCDO's  and  PCDPs 
in  the  sample. 
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Table  1.— Composttion  Of  the  Sample 
FOflTIFtCATlON  AND  RECOVERY  STANO- 
AROS  SOLimONS 


Analyta 

Conoanea- 
flon  (pg/uO 

intemal  Standards: 

14C.-.J  a  7  a-Tcno 

100 

>4=.-f  darfcPscrvi 

too 

•ac..i  7-3  8  7  a44M3nn 

100 

7  3.4  «  7  AMptm 

too 

‘•Ci-ocoo. 

too 

Table  1.— CoiuPOSmON  Of  the  Sample 
Fortification  ano  Recovery  Stand¬ 
ards  Solutions— Contmued 


Concenee. 
eon  (pg/tui 


'^,,-2.3.7.8-TCOF - 

X.r1.Z3.7A-PeCOF _ 

■>C.i-i.2.3.8.7,8>t»COF  _ 
'•C,r  I  Z.3.4.8.7,8>lpCOf .. 
Sirrogate  SlanOarda: 

*Ta.-Z3.7.8-TCOO - 

•«C,rt.Z3.4.7.SM*COO_ 

‘>C,r2J.4.7.84»eCOF _ 

‘4C,f1Z3.4.7.8+IxCOF  _ 
‘^,-1i3.4.7.8.9.HpCOF.. 
Recovery  StanOarOs; 

•C,r1.Z3.4.TCOO _ 

•Cit- 1 .2.3.7.8.SM*COO._ 


Table  2.— Composition  of  the  Initial 
Caubration  Solutions 


Compound 


ConcantraDons  Ipg/MU 
Solution  No. 


1 

2 

3 

4 

s 

AJtamata 

Standard: 

"C.T- 

1A3.7.8.9- 
HkCOF _ 

zs 

1 

s  1 

25 

250 

500 

Racmmy 

Standards: 

«C,rlZJ.4- 

TCtXJ. 

1 

100 

100  ^ 

100 

1 

100 

100 

"Civ 

1i3.7.8.». 
HxCOO - 

100 

i 

too 

_ 1 

100 

too 

too 

Table  3.— Elemental  Compositions  ano  Exact  Masses  of  the  Ions  MONtroREO  by  High  Resolution  Mass  Spectrometry 

for  PCDO’s  and  PCOFs 


AceunMe  mass 

Ion  type 

□emenm  oomposillon 

Analyte 

29Z9829 

LOCK 

C,F., 

PFK 

303.9018 

M 

c.,K,-ao 

TCOF 

309.8987 

M.t.2 

C„H.NC3"0 

TCOF 

315.9419 

M 

TCOF(S) 

3179389 

M4.2 

“c„H.-a«^ 

TCOF(S) 

319.8989 

M 

C,.H.-COi 

TCOO 

321.8936 

M>2 

c,rf4.«a,*co. 

TCOO 

327.8847 

M 

c„H.»Ya.0b 

TCODtSI 

330.9782 

oc 

PFK 

331.8388 

M 

“c«H.«ao. 

TCOO(S) 

333.9338 

M4-2 

“CuH,-a"cx>, 

TCODtSI 

339.8997 

M4-2 

CtWiiRaTao 

PECOF 

341  8967 

M4-4 

c.tM.-a'cw 

PeCOF 

391.9000 

M-f2 

•*c,j4i-a"cio 

PeCOFtS) 

393.8870 

M>4 

"c.,M,-a«*Ka.o 

PeCOF  (S) 

399.8946 

M>2 

CuHi>Oi37CI04 

PeCOO 

397  8918 

M4-4 

C..H."aiRCIA 

PeCOO 

387.8848 

M4-2 

‘4:»H,-a"cx5. 

PeCOO  (SI 

389.8919 

M>4 

PeCOO  (S) 

375.8384 

M>2 

C,rf4.-Cfc*O0 

MxCOPE 

409.7974 

U4-2 

CitH.-Oi’ClO 

HpCPOE 

373A208 

M.».2 

C„HJ9a,N30 

HsCOF 

379.8178 

M4.4 

c„H.-a."CW 

HxCOF 

383.8839 

M 

'*c„H,Ra,o 

H«COF  (S) 

389.8810 

M4.2 

'c,^Ra,"ao 

HtCOF  (S) 

389.8197 

M4.2 

c,.M,Ra,*Yao. 

HXXO 

391  8127 

M4.4 

c.Hi-a.'TaiOi 

HiCOO 

392.9760 

LOCK 

Ctfe 

PFK 
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Table  3. — Elemental  Compositions  ano  Exact  Masses  of  the  Ions  Monitored  by  High  Resolution  Mass  Spectrometry 

FOR  PCOO's  AND  PCOFs— Continued 


OMcnp. 
(or  No. 


Aeoaaia  moM 

Ion  (ypa 

401.8559 

M>2 

403.8529 

M.«.4 

445.7555 

M>4 

430.9729 

QC 

407.7818 

M4-2 

409.7789 

M4-4 

417.8253 

M 

419.8220 

M4-2 

423.7768 

M4-2 

425.7737 

M>4 

435.8169 

M4-2 

437.8140 

M-t-4 

479.7165 

M4-4 

430.9729 

LOCK 

441.7428 

M-f2 

443.7399 

W>4 

457.7377 

M-t-2 

459.7348 

M-l-4 

469.7779 

Mh-2 

471.7750 

U  +  4 

513.6775 

M4-4 

442.9728 

QC 

Elanxntal  wxnpoooon 


'0.,H,-ai*0>0, 

'o..H,-a*oi,o 

C,.H,-CI,*OW 

c„H*<a."Cio 

C.rfH-CL'OW 

•C„H«0.0 

•OttH-CLTaO 

c„H«a.>oio, 

C,.H*Oi"CI,0. 

‘T:,^“a,'Tsoi 

•O„H-CI.'T3,0, 

Ci.H-d.'Oi.o 

ft.-cknoo 
C,.*01.'t3.0 
C,.  "0,^00, 
c.,‘>a.'X3,0t 
•O„-C3t*OI0i 

«c.,-a,"a,o, 

c.,"a,T>.o. 

C.*Fit 


1  H*COO  (S) 
M*COO  (S) 
OCOPE 
PFK 
HpCOF 
HpCOF 
HpCOF  IS) 
HpCOF  (S) 
HpCOO 
HpCCO 
HpCOO  IS) 
HpCOO  (S) 
NCPoe 
PFK 
OCOF 
OCOF 

ocoo 

ocoo 

ocoo  IS) 

OCOOlS) 

OCOPE 

PFK 


(a)  Tha  Mowing  nucMie  massas  war#  usad; 

H  -  1.007825 
C  »  12.000000 
'K  -  13.003355 
F  .  18.9984 
O  ••  15.994915 
-  34.968853 
>0  -  36.965903 
S  •  I  analaij  SlandwO 

QC  -  Ion  aalactao  for  monilonng  imownant  staMilv  dunng  ma  GC/MS  analyaia. 


Table  4.— Acceptable  Ranges  for  ion- 
Abundance  Ratios  of  PCOO's  and 
PCOFs 


Thao  Conaol  buna 

loo  (ypa  raocal  - ; - . 

raOo  Lowar  Uppar 


Table  S.— Minimum  Requirements  for 
Initial  and  Oaily  Calibration  Re¬ 
sponse  Factors— Continued 


Table  5.— Minimum  Requirements  for 
Initial  and  Daily  Caubration  Re¬ 
sponse  Factors— Continued 


4  M/M4.2 

5  U-hV 

M>4 
**  +  2/ 
U-t-4 
U/U-hZ 
U/U+2 
M+2/ 
M.t.4 

M4.2/ 

M4.4 


1.32 


0.65  0.89 


0.89  0.76 


‘  Uaad  only  for  ••C-HxCOF. 

*Uaad  only  lor  irCHpCOF. 

Table  S.— Minimum  Requirements  for 
Initial  and  Daily  Calibration  Re¬ 
sponse  Factors 


Compound 


RaladM  raaponia  (actor* 

Imtial 

Oariy 

caUbraDon 

calitiralMo  % 

RSO 

diffarane* 

25 

25 

25 

25 

25 

25 

25 

25 
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Table  S.— Minimum  Requirements  for 
Initial  and  Daily  Caubration  Re¬ 
sponse  Factors— Continued 


RelaiNd  raaponae  lactora 

Compound 

Initial  j 

ealitxaeon 
RSO  1 

Oaiir 

cattmoon  % 
drtferanca 

Allamale 

Standard; 

‘•Cit- 
1.2.3,7.8.9- 
HiCOF  .'. _  . 

25 

25 

•  •  • 

•  • 

Method  2S— Oelenninetioii  of  Hydrogeo 
Chloride  Emisiions  From  Stadonory  Sources 

J.  Applicability,  Principle.  Interferences. 
Precision,  Bias,  and  Stability 

1.1  Applicability.  This  method  is 
applicable  for  determining  hydrogen  chloride 
(HCl)  emissions  from  stationary  sources. 

1.2  Principle.  An  Integrated  sample  is 
extracted  from  the  stack  and  passed  through 
dilute  sulfuric  acid.  In  the  dilute  acid,  the 
HCl  gas  is  dissolved  and  forms  chloride 
(Cl'l  ions.  The  Cl*  is  analyzed  by  ion 
chromatography  (IC]. 


U  Interferences.  Volatile  materials 
which  produce  chloride  ions  upon  dissoluUoa 
during  sampling  are  obvious  interferences. 
Another  likely  interferent  is  diatomic  chlorine 
(Cltl  gas  which  reacts  to  form  HCl  and 
hypochlorous  acid  (HOCl)  upon  dissolving  in 
water.  However.  Cli  gas  exhibits  a  low 
solubility  in  water  and  the  use  of  acidic, 
rather  than  neutral  or  basic  collection 
solutions,  greatly  reduces  the  chance  of 
dissolving  any  chlorine  present  This  method 
does  not  experience  a  significant  bias  when 
sampling  a  400  ppm  HCl  gas  stream 
containing  SO  ppm  CU.  Sampling  a  220  ppm 
HCl  gas  stream  containing  180  ppm  Cla 
results  in  a  positive  bias  of  3.4  percent  in  the 
HCl  measuremenL 

1.4  Precision  and  Bias.  The  within- 
laboratory  relative  standard  deviations  are 

8.2  and  3.2  percent  at  HCl  concentrations  of 
3.9  and  IS  J  ppm.  respectively.  The  method 
does  not  exhibit  a  biaa  to  Cla  when  sampling 
at  concentrations  less  than  SO  ppm. 

1.5  Stability.  The  collected  samples  can 
be  stored  for  up  to  4  weeks  before  analysis. 

1.6  Detection  Limit  The  analytical 
detection  limit  of  the  method  is  Oil  ^g/ml. 

Z  Apparatus 

2.1  Sampling.  The  sampling  train  is  shown 
in  Figure  28-1.  and  component  parts  are 
discussed  below. 


2.1.1  Probe.  Borosilicate  glass, 
approximately  H-in.  (9.(nm)  1.0.  with  a 
heaung  system  to  prevent  moisture 
condensation.  A  H-in  1.0.  Teflon  elbow 
should  be  attached  to  the  inlet  of  the  probe 
and  a  1-ul  (2S-mm|  leitgth  of  H-in.  LO.  Teflon 
tubing  should  be  attached  to  the  open  end  of 
the  elbow  to  permit  the  opening  of  the  probe 
to  be  turned  away  from  the  gas  scream.  This 
reduces  the  amount  of  particulate  entenng 
the  traiiL  This  probe  configuration  should  be 
used  when  the  concentration  of  particulate 
matter  in  the  emissions  is  high.  When  high 
concentrations  are  not  presenL  the  Teflon 
elbow  is  not  necessary,  and  the  probe  inlet 
may  be  perpendicular  to  the  gas  stream.  A 
glass  wool  plug  should  not  be  used  to  remove 
particulate  matter  since  a  negative  bias  in  the 
data  could  result  Instead,  a  Teflon  filter  (see 
Section  2.1. S)  should  be  installed  at  the  inlet 
(for  stack  temperatures  <300  *F1  or  outlet  (for 
stack  temperatures  >300  ‘F)  of  the  probe. 

2.U  TTiree-way  Stopcock.  A  borosilicate. 
three-way  glass  stopcock  with  a  heating 
system  to  prevent  moisture  condensation. 

The  heated  stopcock  should  connect  directly 
to  the  outlet  of  the  probe  and  the  inlet  of  the 
first  impinger.  The  beating  system  should  be 
capable  of  preventing  condensation  up  to  the 
inlet  of  the  first  impinger.  Silicone  grease  may 
be  used,  if  necessary,  to  prevent  leakage. 
•ajjM  cooc  ssae  so  n 
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Water  Content 


21-2.2  Gravimetry  With  Oven  Drying 
21-2.2.1  INTRODUCTION 

Water  content  measurements  by  gravimetric  methods  involve  weigh¬ 
ing  the  wet  sample,  removing  the  water,  and  reweighing  the  sample  to 
determine  the  amount  of  water  removed.  Water  content  then  is  obtained 
by  dividing  the  difference  between  wet  and  dry  masses  by  the  mass  of 
the  dry  sample  to  obtain  the  ratio  of  the  mass  of  water  to  the  mass  of 
the  dry  soil.  When  multiplied  by  100,  this  becomes  the  percentage  of 
water  in  the  sample  on  a  dry-mass  (or,  as  often  express^,  on  a  dry- 
weight)  basis.  Water  content  may  be  described  in  other  ways  as  indicated 
in  section  21-1.  Water  may  be  removed  from  the  sample  in  any  of  a 
number  of  ways,  the  principal  method  in  common  use  being  the  oven- 
dndng  method  described  here.  Accuracy  and  reproducibility  of  water 
content  measurements,  assuming  that  weighing  precision  is  consistent 
with  desired  precision  of  water  content  measurement,  depend  upon  the 
drying  technique  and  the  care  with  which  it  is  used.  (See  discussion  in 
section  21-2.1). 

21-2J.2  METHOD 

21-2.2.2.1  Special  appantui.  Apparatus  required  for  gravimetric 
determination  of  water  content  may  be  used  in  many  different  forms, 
and  so  exact  specifications  are  not  ne^ed.  Requirements  include  an  auger 
or  sampling  tube  or  some  other  suitable  device  to  uke  a  soil  sample,  soil 
containers  with  tight-fitting  lids,  an  oven  with  means  for  controlling  the 
temperature  to  100  to  llO’C,  a  desiccator  with  active  desiccant,  and  a 
balance  for  weighing  the  samples.  In  the  field,  if  soil  samples  are  taken 
under  conditions  where  evaporation  losses  may  be  of  sufficient  magnitude 
to  affect  the  desired  accuracy  of  measurement,  special  equipment  for 
weighing  the  samples  immediately  or  reducing  evaporative  loss  must  be 
used.  Both  convective  and  forced-draft  ovens  are  used,  and  for  precise 
work  a  vacuum  oven  is  of  particular  value.  Balances  used  range  all  the 
way  from  analytical  balances  to  rough  platform  scales,  depending  upon 
the  size  of  the  sample  to  be  taken  and  the  precision  of  measurement 
desired. 

21-2.2JL2  Procedure  The  procedure  to  be  used  must  vary  with  the 
circumstances  of  measurement  and  the  equipment  Since  these  vary,  widely 
it  is  impossible  to  specify  a  detailed  standard  procedure  that  will  fit  all 
of  the  many  uses  made  of  water  content  measurements.  The  procedure 
given  here  is  intended  for  use  in  routine  work  where  moderate  precision 
(say,  measurements  having  a  precision  of  ±  0.5%  water  content)  is  de- 
sir^  Replication  must  depend  upon  the  nature  of  the  sample  and  soil 
system  for  which  water  content  is  desired,  but  it  is  suggested  that  samples 
be  run  in  duplicate  as  a  minimum. 


Place  samples  of  1  to  1 00  g  of  soil  in  weighing  bottles  or  metal  cans 
with  tight-fitting  lids.  Weigh  the  samples  immediately,  or  store  them  in 
such  a  way  that  evaporation  is  negligible.  Refer  to  Fig.  21-2  to  find  the 
\  required  weighing  precision.  (The  balance  need  not  be  read  to  a  precision 
^tly  exceeding  the  standard  deviation  for  the  balance.)  Place  the  sample 
in  a  drying  oven  with  the  lid  off,  and  dry  it  to  constant  weight  Remove 
the  sample  from  the  oven,  replace  the  cover,  and  place  it  in  a  desiccator 
containin’^  active  desiccant  {e.g.,  magnesium  perchlorate  or  calcium  sul¬ 
fate)  until  cooL  Weigh  it  again,  and  also  determine  the  tare  weight  of  the 
sample  container.  Compute  the  water  content  by  one  of  the  following 
formulas; 


(weight  of  wet  soil  +  tare)  —  (weight  of  dry  soil  +  tare) 
(weight  of  dry  soil  +  tare)  -  (tare) 


[23] 


(weight  of  wet  soil  +  tare)  —  (tare) 
(weight  of  dry  soil  +  tare)  —  (tare) 

weight  of  wet  soil  _  ^ 
weight  of  dry  soil 


The  third  of  these  equations  is  useful  where  standardized  cans  are  used 
and  the  tare  weight  is  balanced  out  in  the  weighing  process  so  that  the 
sample  weight  is  obtained  directly.  Multiplication  by  ICX)  gives  the  per¬ 
centage  of  water  in  the  sample  on  a  dry-mass  basis. 
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12-2.6  Gian  Dectnxle-Calonicl  Dectrodc  pH  Meter  Method 

Practically  aU  laboratories  use  the  glan  (indicating)  electrode  paired 
with  a  calomel  (Hg-Hg]ClKreference)  electrode  for  measuring  soil  pH.  The 
electrodes  are  normally  plugged  into  a  regular  commercial  pH  meter.  Upon 
proper  standardization  with  buffers  of  known  pH,  the  meter  indicates  the 
pH  of  the  soil  suspension  from  the  millivolts  of  potential  generated  when 
the  two  electrodes  are  placed  in  the  soil  suspension.  The  glass  electrode  is 
the  H*-sensing  electrode,  which  develops  changes  in  potential  (voltage)  pro¬ 
portional  to  the  logarithm  of  changes  in  activity  of  H*.  Thus  it  is  call^  the 
indicating  electrode.  The  calomel  electrode  (i)  contains  a  saturated  KQ 
bridge  that  contacts  the  soil  suspension  and  (ii)  has  a  characteristic  potential 
(voltage)  relatively  independent  of  the  H*  activity.  Hence  it  is  called  the 
reference  electrode. 

Many  companies  make  and  market  highly  satisfactory  glass  and 
reference  elecuodes.  Similarly,  many  different  brands  of  pH  meters  that  are 
quite  sa^factory  for  measuring  the  soil  pH  are  available.  Selection  arc 
often  made  on  the  basis  of  such  criteria  as  satisfaaory  performance,  com¬ 
pany  service,  and  type  of  readout. 

Individual  laboratories  differ  on  the  details  of  soil  and.  water  solution 
measurement,  soil/water  or  soil/solution  ratio,  containihg  solution, 
method  of  mixing,  time  of  standing  before  reading,  whether  or  not  it  is 
stirred  during  reading,  etc.  Some  laboratories  weigh  the  soil;  others  measure 
a  volume  of  soil.  Some  use  3  g  of  soil  and  5  g  (or  S  ml)  of  water.  Some  Use 
O.OlAf  CaCli  instead  of  water.  Some  measure  the  pH  in  water,  add  suf¬ 
ficient  CaCI,  to  obtain  O.OlAf  CaQj,  and  measure  the  pH  again.  Some 
laboratories  stir  the  soil  suspensions  individually  or  by  a  manifold  arrange¬ 
ment.  Others  use  a  time-controUed  shaker  to  mix  large  numbers  of  samples 
simultaneously.  A  suggested  procedure  is  described  to  minimize  differences 
in  results  brought  about  by  discretionary  alternatives  that  often  have  more 
than  minor  influences. 

12-Z.6.1  STANDARDIZINC  pH  METER 

Set  the  pH  meter  at  pH  7  with  standard  buffer  solution  of  pH  7,  and  set 
the  manual  temperature  compensator  at  the  temperature  of  buffer.  Check 
to  see  that  the  instrument  rea^  very  near  pH  4  with  standard  pH  4  buffer. 
If  necessary,  adjust  the  reading  to  pH  4,  using  the  temperature  compensator 
knob.  Repeat  the  above  standardization  procedure  with  both  pH  7  and  4 
buffen  until  the  instrument  reading  agrees  with  both  buffer  pH’s. 


12-2^^  TROUBLESHOOTING  pM  METER  PROBLEMS 

Initial  failure  of  the  instrument  to  agree  reasonably  well  with  both 
buffers  usually  suggests  malfunction  of  the  glass  electrodes  or  of  the  elec¬ 
trometer  tube  of  the  pH  meter.  The  foraer  may  require  cleaning  or  replac¬ 
ing.  and  the  latter  may  require  an  electronics  repair  service.  When  the  pH 
meter  appears  to  be  in  proper  operating  condition,  as  indicated  by  initial 
agreement  of  pH  readings  of  both  buffers,  or  after  the  above  adjustment, 
check  the  pH  of  a  soil  of  known  pH.  If  it  gives  the  correct  reading,  proceed 
to  the  following  section:  if  not,  this  usually  indicates  panial  plugging  of  the 
microscopic  opening  in  the  reference  electrode.  This  may  be  caused  by 
improper  venting  of  the  electrode  restricting  free  flow  of  the  saturated  KCl, 
excessive  growth  of  KCl  crystals  around  the  fiber  wick  restricting  normal 
flow  of  KCl,  or  plugging  of  capillary  opening  with  soil  particles.  These 
problems  may  be  solved  by  periodic  uncovering  or  unplugging  the  air  vent, 
washing  out  the  KO  crystals  with  distilled  water  and  replacing  with  several 
rinses  of  saturated  KCl.  and  careful  grinding  of  the  tip  of  the  electrode  with 
fine  emergy  cloth  or  sand  paper  until  the  KQ  flow  shows  slight  wetting  of 
the  glass  at  the  point  of  the  capillary  opening,  respectively.  Instability  of  the 
pH  meter  dial  needle  usually  indicates  excessive  sutic  electricity  from  the 
technician’s  clothing  or  floor  or  uble  covering.  A  creeping  or  sluggish  pH 
meter  dial  needle  may  indicate  a  dirty  glass  electrode.* 


U-LgJ  MAINTAINING  ELECTRODES 

12*2.dJ.l  Glass  Electrode.  Glass  electrodes  frequently  become 
sluggish  in  their  operation,  as  evidenced  by  slow  changes  or  drift  of  the  in¬ 
dicated  pH  when  the  measurement  is  made.  Such  drift  or  slow  response  may 
be  caused  by  a  dried  layer  of  clay  or  precipitated  carbonate  on  the  glass  bulb 
that  cannot  be  remov^  by  ordinary  washing  with  water.  Or,  sluggish  re¬ 
sponse  may  be  caused  by  an  aging  of  the  glass  surface  of  the  bulb.  Re¬ 
juvenation  of  the  glass  stvface  by  immersion  in  a  dilute  solution  of  HF  for 
10  to  15  sec  usually  corrects  the  problem. 

11~2.6J.2  CaioBd  Electrode.  The  most  frequent  source  of  error 
with  calomel  electrodes  is  caused  by  stoppage  of  flow  of  electrolyte  through 
the  wick,  fiber,  porous  ceramic,  or  sleeve.  Although  the  instrument  may 
calibrate  satisfactorily  in  the  solutions  used  for  this  purpose,  it  does  not  give 
correct  values  of  pH  in  soil  systems.  The  error  tends  to  be  in  the  direction  of 
soil  pH  values  that  are  too  low  and  of  high  pH  values  in  mixtures  of  soils 
and  buffer  solution  used  for  measuring  lime  requirement.  It  is  essential  that 
the  calomel  electrode  be  operated  with  a  functional  liquid  junction. 

Another  source  of  error  in  this  respect  occurs  when  the  calomel  elec¬ 
trode  is  forced  into  soil  u  the  bottom  of  the  cup  in  which  the  measurement 
is  made,  which  stops  the  free  movement  of  salt  from  the  liquid  junction.  A 
stop  in  the  electrode  holder,  which  win  prevent  the  tip  of  the  electrode  from 
penetratiiig  to  the  bottom  of  the  sample  cup,  wiU  generally  prevent  this 
error. 


■ 

» 
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U-3.<.4  EQUIPMENT  AND  REAGENTS 

1 .  pH  meter  equipped  with  glass  (indicating  and  reference  electrodes). 

2.  Automatic  pipette,  portable  stirrer  (opdonaO- 

3.  Paper  cups,  28  g  (1  oz).  Solo  souffle  cup  (Solo  Cup  Co.  Urbana,  Ill.) 
(optional). 

4.  Caldum  chloride  (CaCli)  solution,  1  or  0.01  A/ (opdonaJ).  ^ 

5.  Standard  buffers,  pH  7  and  4. 

6.  Distilled  water. 

12-2.4.3  pH* 

1 .  Weigh  or  measure  5  g  of  air-dry  soil  into  a  28-g  paper  cup.  (Other  con¬ 
tainers,  such  as  50-ml  beakers,  may  be  used,  but  this  may  require  ad¬ 
justments  in  the  shaking  procedtire  called  for  below.) 

2.  Place  cups  in  a  20-  or  40-unit  tray  designed  to  go  into  the  mechanical 
shaker  used  in  the  lime  requirement  detenninadon  (described  below). 

3.  With  automadc  pipette,  add  3  ml  of  distilled  water  to  each  cup. 

4.  Mix  thoroughly  for  5  sec,  preferably  with  portable  mechanical  stirrer. 
(A  small  sdrrer  motor,  1,550  rpm,  mounted  on  a  handle  with  a  short, 
slighdy  bent  plasdc  or  glass  rod  agiutor  serves  very  well.) 

5.  Let  stand  for  10  min. 

6.  Insert  the  electrodes  into  the  container,  and  stir  the  solSsuspension  by 
swirling  the  electrodes  slighdy.  Protect  the  electrodes  with  a  short  glass 
rod  atuched  to  the  electrode  holder  and  extended  just  below  the  dps  of 
the  electrodes.  If  this  method  of  agitadon  is  used,  it  is  not  necessary  tq^ 
rinse  the  electrodes  between  successive  samples. 

7.  Read  the  pH  immediately  on  the  standardized  pH  meter.  Record  as  soil 
pH  in  water,  or  pH,. 

8.  Opdonal  test:  To  determine  the  soil  pH  in  O.OIAf  CaCl],  add  1  drop 
(0.05  ml)  of  lA/CaClj  soludon  to  the  soil  water  suspension. 

9.  Stir  intermittendy  for  30  min. 

10.  Insert  electrodes,  and  read  the  pH  on  the  standardized  pH  meter. 
Record  as  soil  pH  in  O.OIM  CaQt,  or  pH,.  Altemadvely,  the  soil  pH 
in  O.OIAf  CaO,  may  be  determined  direoly  by  subsdtuting  O.OIAf 
CaCI,  for  water  in  no.  3  above. 

11.  If  the  lime  requirement  is  to  be  determined  on  the  samples,  save  them 
for  this  purpose  alter  reading  the  pH  in  water  or  O.OIAf  CaO,. 
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3^3  EXTRACTION  OF  EXCHANGEABLE  AMMONIUM, 

33-3.2  Method 


33-3.2.1  REAGENTS 

1.  Potauium  chloride  (KCI)  solution,  approximately  7M:  Dissolve  1,300  g 
of  reagent-grade  KCI  in  8  liters  of  water,  and  dilute  the  solution  to  10 
liten. 

33-3.2.2  PROCEDURE 

Place  10  g  of  soil  in  a  250-ml,  widemouth  bottle,  and  add  100  ml  of  lAf 
KCI.  Stopper  the  bottle,  and  shake  it  on  a  mechanical  shaker  for  1  hour. 
Allow  the  soil-KCl  suspension  to  settle  until  the  supernatant  liquid  is  clear 
(usually  about  30  min),  and  perform  the  analyses  described  on  aliquots  of 
this  liquid.  If  the  KCI  extract  cannot  be  analyzed  soon  after  its  preparation 
(within  24  hours),  filter  the  soil-KQ  suspension  (Whatman  no.  42  filter 
paper),  and  store  the  filtrate  in  a  refrigerator  until  analyses  can  be 
performed. 


24 


Phosphorus 


24-5  J  Phosphorus  Soluble  In  Water 
U-5J.I  PRINCIPLES 

This  method  is  useful  in  measuring  the  P  concentration  in  water  or 
dilute  salt  (i.e.,  Q.QIM  CaCU)  extracts  of  the  soil  and  in  displaced  soil  solu¬ 
tions  and  saturation  extracts  of  soil.  With  soils  low  in  availaole  P.  root 
absorption  of  P  and  growth  of  plants  increase  as  P  concentration  increases 
in  the  soil  solution  up  to  a  limit.  As  an  index  of  P  availability,  the  objects ve 
of  this  method  is  to  determine  the  P  concentration  level  in  the  soil  extract 
that  limits  growth  of  plants.  In  soil  testing  practices,  the  water  or  dilute  salt 
extracts  represent  an  attempt  to  approximate  the  s^'i!  solution  P  concentra¬ 
tion.  A  research  objective  is  to  obtain  the  soil  soluti  '<n  .  nd  determine  its 
composition  so  that  the  chemical  environment  of  the  plant  roots  may  be  de¬ 
fined  in  quantitative  terms  (Adams,  1974). 

24-5J.1  METHOD 

24-5.3.2.1  Reagents. 

1.  Ammonium  paramolybdate  ((NH4)(MarOi.  *41(101;  Dissolve  12.0  g  of 
ammonium  paramolybdate  in  250  ml  of  distilled  water.  Dissolve  0.290S 
g  of  potassium  antimony  tartrate  (KSbO’C.H^O*)  in  100  ml  of  distilled 
water.  Add  these  dissolved  reagenu  to  1  liter  of  SN  sulfuric  acid  (HiSO.) 
(141  ml  of  cone  HtSO«  diluted  to  1  liter),  mix  thoroughly,  and  dilute  with 
distilled  water  to  2  Uten.  Store  in  a  Pyrex  glass  bottle  in  a  dark  and  cool 
compartment  (reagent  A). 

2.  Ascorbic  acid:  Dissolve  1.056  g  of  ascorbic  acid  in  200  ml  of  reagent  A, 
and  mix.  This  ascorbic  acid  (reagent  B)  should  be  prepared  as  required 
because  it  does  not  keep  more  than  24  hours. 

24-5  J.2.2  ProccduK.  Add  5  g  of  air-dry  soil  and  50  ml  of  distilled 
water  to  a  flask  suitable  for  continuous  shaking.  Shake  the  contents  of  the 
flask  continuously  for  5  min.  Centrifuge  the  mixture  until  the  soludon  is 
free  of  soil  mineral  particles.  This  usually  occurs  in  15  min  in  a  high-speed 
Sorvall  centrifuge  at  a  setting  of  100.  Obtain  clear  extracts  alternatively  by 
repeated  filtration  through  Whatman  no.  42  filter  paper.  Return  to  the  sus¬ 
pension  the  first  portions  coming  through  the  filter  paper. 

Pipette  aliquots  containing  1  to  20  ^g  of  P  into  25-ml  volumetric  flasks. 
Add  distilled  water  to  increase  the  volume  to  20  ml,  and  then  add  4  ml  of  re¬ 
agent  B.  Make  to  25  ml  volume  and  mix.  The  color  is  suble  for  24  hours, 
and  the  maximum  intensity  develops  in  10  min.  The  absorption  maximum 
of  the  blue  color  formed  in  the  presence  of  Sb  is  at  882  nm.  C^brate  the 
method  using  a  standard  P  solution.  Prepare  a  blank  with  distilled  water 
and  4  ml  of  reagent  B. 


24-5J.2J  Comments.  Soils  in  California  that  showed  more  than 
0.13  ppm  of  P  in  the  water  extract  failed  to  respond  in  crop  yields  to  P 
fertilization  (Bingham.  1949;  Martin  St  Buchanan.  1950;  Martin  &  Mikkel- 
sen.  1960).  Thompson  et  aL  (1960)  found  a  high  correlation  between  P  up¬ 
take  by  sorghum  {Sorghum  bicolor  L.  Moench)  and  water-soluble  P  on  22 
soils,  most  of  which  were  add.  Fried  and  Shapiro  (1956)  observed  a  poor  re¬ 
lation  between  water-soluble  P  and  P  uptake  on  eight  add  soils  for  the 
initial  extract  but  observed  a  much  better  correlation  for  the  14th  successive 
extract.  Olsen  et  al.  (1954)  observed  a  high  correlation  between  water- 
soluble  P  and  “A”  values  on  some  groups  of  soils. 

Phosphorus  concentration  in  solution  usually  increases  as  the  amount 
of  soil  increases  per  unit  volume  of  water.  A  saturation  extract  more  nearly 
approaches  the  P  concentration  expected  to  be  in  a  soil  solution  from  which 
roots  absorb  P.  Such  an  extract  requires  more  time  for  preparation,  and  its 
analysis  for  P  presents  more  difficulties.  In  some  cases  these  factors  may 
not  be  important,  and  the  results  from  a  saturation  extract  or  the  displaced 
soil  solution  may  be  most  desirable.  For  more  routine  purposes  and  large 
numbers  of  samples,  the  1 : 10  water  extraction  is  more  suiuble. 

The  ascorbic  add  method  has  proved  to  be  reliable  and  less  subject  to 
interferences  in  color  development  than  SnOi  method;,  and  the  color  is 
stable  for  24  hours.  A  simple  test  of  possible  interference  in  the  P  analysis  is 
provided  by  diluting  the  solution.  If  the  diluted  sample  is  proportionately 
greater  >>€,103  in  P  concentration  than  indicated  by  the  dilution  faaor,  an 
interference  is  evident. 
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1 .  Scope  and  Application 

1 . 1  This  method  is  applicable  to  the  measurement  of  ammonia-nitrogen  in  drinking,  surface 
and  saline  waters,  domestic  and  industrial  wastes. 

1 .2  This  method  covers  the  range  from  0.03  to  1400  mg  NHj-N/l.  Color  and  turbidity  have 
no  effect  on  the  measurements,  thus,  distillation  may  not  be  necessary. 

2.  Summary  of  Method 

2. 1  The  ammonia  is  determined  potentiometrically  using  an  ion  selective  ammonia  electrode 
and  a  pH  meter  having  an  expanded  millivolt  scale  or  a  specific  ion  meter. 

2.2  The  ammonia  electrode  uses  a  hydrophobic  gas-permeable  membrane  to  separate  the 
sample  solution  from  an  ammonium  chloride  internal  solution.  Ammonia  in  the  sample 
diffuses  through  the  membrane  and  alters  the  pH  of  the  internal  solution,  which  is  sensed 
by  a  pH  electrode.  The  constant  level  of  chloride  in  the  internal  solution  is  sensed  by  a 
chloride  selective  ion  electrode  which  acts  as  the  reference  electrode. 

3 .  Sample  Handling  and  Preservation 

3. 1  Samples  may  be  preserved  with  2  ml  of  cone.  HjSO,  per  liter  and  stored  at  4*C. 

4.  Interferences 

4. 1  Volatile  amines  act  as  a  positive  interference. 

4. 2  Mercury  interferes  by  forming  a  strong  complex  with  ammonia.  Thus  the  samples  cannot 
be  preserved  with  mercuric  chloride. 

5.  Apparatus 

5. 1  Electrometer  (pH  meter)  with  expanded  mV  scale  or  a  specific  ion  meter. 

5 . 2  Ammonia  selective  electrode,  such  as  Orion  Model  95- 10  or  EIL  Model  8002-2. 

5.3  Magnetic  stirrer,  thermally  insulated,  and  Teflon-coated  stirring  bar. 

6.  Reagents 

6. 1  Distilled  water;  Special  precautions  must  be  taken  to  insure  that  the  distilled  water  is  free 
of  ammonia.  This  is  accomplished  by  passing  distilled  water  through  an  ion  exchange 
column  containing  a  strongly  acidic  cation  exchange  resin  mixed  with  a  strongly  basic 
anion  e.xchange  resin. 

6.2  Sodium  hydroxide,  ION;  Dissolve  400  g  of  sodium  hydroxide  in  800  ml  of  distilled  water. 
Cool  and  dilute  to  I  liter  with  distilled  water  (6. 1). 

6.3  Ammonium  chloride,  stock  solution;  1.0  ml  =  1.0  mg  NH3-N.  Dissolve  3.819  g  NH.Cl 
in  water  and  bring  to  volume  in  a  I  liter  volumetric  flask  using  distilled  water  (6.1). 
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6.4  Ammonium  chloride,  standard  solution:  1.0  ml  =  O.Ol  mgNH,-N.  Dilute  10.0  ml  of  the 
stock  solution  (6.3)  to  1  liter  with  distilled  water  (6. 1)  in  a  volumetric  flask. 

NOTE  1:  When  analyzing  saline  waters,  standards  must  be  made  up  in  synthetic  ocean 
water  (SOW);  found  in  Nitrogen,  Ammonia:  Colorimetric,  Automated  Phenate  Method 
(350.1). 

7.  Procedure 

7.1  Preparation  of  standards:  Prepare  a  series  of  standard  solutions  covering  the 
concentration  range  of  the  samples  by  diluting  either  the  stock  or  standard  solutions  of 
ammonium  chloride. 

7.2  Calibration  of  electrometer:  Place  100  ml  of  each  standard  solution  in  clean  150  ml 
beakers.  Immerse  electrode  into  standard  of  lowest  concentration  and  add  1  ml  of  ION 
sodium  hydroxide  solution  while  mixing.  Keep  electrode  in  the  solution  until  a  stable 
reading  is  obtained. 

NOTE  2:  The  pH  of  the  solution  after  the  addition  of  NaOH  must  be  above  1 1 . 

Caution:  Sodium  hydroxide  must  not  be  added  prior  to  electrode  immersion,  for 
ammonia  may  be  lost  from  a  basic  solution. 

7.3  Repeat  this  procedure  with  the  remaining  standards,  going  from  lowest  to  highest 
concentration.  Using  semilogarithmic  graph  paper,  plot  the  concentration  of  ammonia  in 
mg  NHj-N/1  on  the  log  axis  vs.  the  electrode  potential  developed  in  the  standard  on  the 
linear  axis,  starting  with  the  lowest  concentration  at  the  bottom  of  the  scale. 

7.4  Calibration  of  a  specific  ion  meter:  Follow  the  directions  of  the  manufacturer  for  the 
operation  of  the  instrument. 

7.5  Sample  measurement:  Follow  the  procedure  in  (7.2)  for  1(X)  ml  of  sample  in  150  ml 
beakers.  Record  the  stabilized  potential  of  each  unknown  sample  and  convert  the 
potential  reading  to  the  ammonia  concentration  using  the  stxmdard  curve.  If  a  specific 
ion  meter  is  used,  read  the  ammonia  level  directly  in  mg  NHj-N/l . 

8.  Precision  and  Accuracy 

8.1  In  a  single  laboratory  (EMSL),  using  surface  water  samples  at  concentrations  of  1 .00, 
0.77,  0.19,  and  0.13  mg  NH3-N/I,  standard  deviations  were  ±0.038,  ±0.017,  ±0.007, 
and  ±0.003,  respectively. 

8.2  In  a  single  laboratory  (EMSL),  using  surface  water  samples  at  concentrations  of  0. 1 9  and 
0. 13  mg  NH3-N/I,  recoveries  were  96%  and  91%,  respectively. 
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1.  Scope  and  Application 

1.1  This  method  covers  the  determina¬ 
tion  of  the  following  inorganic  anions. 


Section  1 3)  for  the  above  analytes  is 
listed  in  Tables  1A  and  IB.  The  MDL for 
a  specific  matrix  may  differ  from  those 
listed,  depending  upon  the  nature  of  the 
sample. 


Method  A. 

Storet  No. 

(Total) 

1.4  Method  A  is  recommended  for 

Bromide 

71870 

drinking  and  waste  waters.  The 

Chloride 

00940 

multilaboratory  range  tested  for  each 

Fluoride 

00951 

anion  is  as  follows  in  mg/L 

Nitrate-N 

00620 

Nitrite-N 

00615 

Bromide 

0.63  -  21.0 

Ortho-Phosphate-P 

70507 

Chloride 

0.78  -  26.0 

Sulfate 

00945 

Fluoride 

0.26  -  8.49 

Nitrate-N 

0.42  -  14.0 

Method  B. 

Storet  No. 

Nitrite-N 

0.36  -  12.0 

(Total) 

Onho-P 

0,69-23.1 

Chlorite 

50074 

Sulfate 

2.85  -  95.0 

Chlorate 

Bromate 

1.2  The  matrices  applicable  to  each 
method  are  shown  below: 

A.  Drinking  water,  surface  water,  mixed 
domestic  and  industrial  wastewaters, 
groundwater,  reagent  waters,  solids 
(after  extraction  2.3),  leachates  (when 
no  acetic  acid  is  used  2.4) 

B.  Drinking  water  and  reagent  waters. 

1.3  The  Single  Laboratory  Method 
Detection  Limit  (MOL,  defined  in 


1.5  This  method  is  recommended  for 
use  only  by  or  under  the  supervision  of 
analysts  experienced  in  the  use  of  ton 
chromatography  and  in  the  interpreta¬ 
tion  of  the  resulting  ion  chromatogram. 
Each  analyst  must  demonstrate  the 
ability  to  generate  acceptable  results 
with  this  method,  using  the  procedure 
described  in  Section  10.2. 

1.6  When  this  method  is  used  to 
analyze  unfamiliar  samples  for  any  of 
the  above  anions,  anion  identification 
should  be  supported  by  the  use  of 
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fortified  sample  matrix  covering  the 
anions  of  interest.  The  fortification 
procedure  is  described  in  Section  1 1 .6. 

2.  Summary  of  Method 

2.1  A  small  volume  of  sample,  typically 
2  to  3  ml,  is  introduced  into  an  ion 
chromatograph.  The  anions  of  interest 
are  separated  and  measured,  using  a 
system  comprised  of  a  guard  column, 
separator  column,  suppressor  device, 
and  conductivity  detector. 

2.2  The  main  differences  between 
Method  A  and  B  are  the  separator 
columns,  guard  columns  and  eluents. 
Sections  6  and  7  will  elicit  the  differ¬ 
ences. 

2.3  In  order  to  use  this  method  for 
solids  an  extraction  procedure  must  be 
performed  (See  1 1 .7). 

3.  Definitions 

3.1  Stock  standard  solution  -  a 
concentrated  solution  containing  a 
single  certified  standard  that  is  a 
method  analyte.  Stock  standard 
solutions  are  used  to  prepare  calibra¬ 
tion  standards. 

3.2  Calibration  standards  (CAL)  •  a 
solution  of  analytes  prepared  in  the 
laboratory  from  stock  standard  solutions 
and  diluted  as  needed  and  used  to 
calibrate  the  instrument  response  with 
respect  to  analytic  concentration. 

3.3  Quality  control  sample  (QCS)  -  a 
solution  containing  known  concentra¬ 
tions  of  analytes,  prepared  by  a 
laboratory  other  than  the  laboratory 
performing  the  analysis.  The  analyzing 
laboratory  uses  this  solution  to  demon¬ 
strate  that  it  can  obtain  acx;aptable 
identifications  and  measurements  with 
a  method. 

3.4  Performance  evaluation  sample 
(PE)  -  a  solution  of  method  analytes 
distributed  by  the  Quality  Assurance 
Research  Division  (QARD),  Environ¬ 
mental  Monitoring  Systems  Laboratory 
(EMSL-Cincinnati),  USEPA,  Cincinnati, 
Qhio,  to  multiple  laboratories  for 
analysis.  A  volume  of  the  solution  is 
added  to  a  known  volume  of  reagent 
water  and  analyzed  with  procedures 
used  for  samples.  Results  of  analyses 
are  used  by  the  QARD  to  determine 
statistically  the  accuracy  and  precision 
that  can  be  expected  when  a  method  is 
performed  by  a  competent  analyst. 
Analyte  true  values  are  unknown  to  the 
analyst. 


3.5  Laboratory  performance  check 
standards  (LPC)  -  a  solution  of 
analytes  prepared  in  the  laboratory  by 
adding  appropriate  volumes  of  the  stock 
standard  solutions  to  reagent  water 
used  to  evaluate  the  performance  of  the 
instrument  system  with  respect  to  a 
defined  set  of  method 

3.6  Laboratory  duplicates  (LD)  -  two 
aliquots  of  the  same  sample  that  are 
treated  exactly  the  same  throughout 
laboratory  analytical  procedures. 
Analyses  of  latxsratory  duplicates 
indicate  precision  associated  with 
laboratory  procedures  but  not  the 
sample  collection,  preservation,  or 
storage  procedures. 

3.7  Field  duplicates  (FD)  -  two 
samples  taken  at  the  same  time  and 
placed  under  identical  circumstances 
and  treated  exactly  the  same  through¬ 
out  field  and  laboratory  procedures. 
Analyses  of  field  duplicates  indicate  the 
precision  associated  with  sample 
collection,  preservation  and  storage,  as 
well  as  with  laboratory  procedures. 

3.8  Laboratory  fortified  sample  matrix 
(LFM)  •  An  aliquot  of  an  environmental 
sample  to  which  known  quantities  of  the 
method  analytes  are  added  in  the 
laboratory.  The  LFM  is  analyzed  exactly 
like  a  sample,  and  its  purpose  is  to 
determine  whether  the  sample  matrix 
contributes  bias  to  the  analytical  results. 
The  background  concentrations  of  the 
analytes  in  the  sample  matrix  must  be 
determined  in  a  separate  aliquot  and 
the  measured  values  in  the  LFM 
corrected  for  background  concentra¬ 
tions. 

3.9  Laboratory  fortified  blank  (LFB)  - 
An  aliquot  of  reagent  water  to  which 
known  quantities  of  the  method 
analytes  are  added  in  the  laboratory. 

The  LFB  is  analyzed  exactly  like  a 
sample,  and  its  purpose  is  to  determine 
whether  the  methodology  is  in  control, 
and  whether  the  laboratory  is  capable 
of  making  accurate  and  precise  meas¬ 
urements  at  the  required  method  de¬ 
tection  limit. 

4.  Interferences 

4.1  Interferences  can  be  caused  by 
substances  with  retention  times  that  are 
similar  to  and  overlap  those  of  the  anion 
of  interest.  Large  amounts  of  an  anion 
can  interfere  with  the  peak  resolution  of 
an  adjacent  anion.  Sample  dilution 
and/or  fortification  can  be  used  to  solve 
most  interference  problems. 


4.2  The  water  dip  or  negative  peak  that 
elutes  near  and  can  interfere  with  the 
fluoride  peak  can  usually  be  eliminated 
by  the  addition  of  the  equivalent  of  1  mL 
of  concentrated  eluent  (7.3  100X)  to 
too  mLof  each  standard  and  sample. 

4.3  Method  interferences  may  be 
caused  by  contaminants  in  the  reagent 
water,  reagents,  glassware,  and  other 
sample  processing  apparatus  that  lead 
to  discrete  artifacts  or  elevated  baseline 
in  ion  chromatograms. 

4.4  Samples  that  contain  particles 
larger  than  0.45  microns  and  reagent 
solutions  that  contain  particles  larger 
than  0.20  microns  require  filtration  to 
prevent  damage  to  instrument  columns 
and  flow  systems. 

4.5  Any  anion  that  is  not  retained  by 
the  column  or  only  slightly  retained  will 
elute  in  the  area  of  fluoride  and  inter¬ 
fere.  Known  coelution  is  caused  by 
carbonate  and  other  small  organic 
aninns  At  concentrations  of  fluoride 
above  1.5  mg/Lthis  interference  may 
not  be  significant,  however,  it  is  the 
responsibility  of  the  user  to  generate 
precision  and  accuracy  information  in 
each  sample  matrix. 

4.6  The  acetate  anion  elutes  early 
during  the  chromatographic  run.  The 
retention  times  of  the  anions  also  seem 
to  differ  when  large  amounts  of  acetate 
are  present.  Therefore,  this  method  is 
not  recommended  for  leachates  of  solid 
samples  when  acetic  acid  is  used  for 
pH  adjustment. 

4.7  The  quantitation  of  unretained 
peaks  should  be  avoided,  such  as  low 
molecular  weight  organic  acids  (for¬ 
mate,  acetate,  propionate,  etc.)  which 
are  conductive  and  coelute  with  or  near 
fluoride  and  would  bias  the  fluoride 
quantitation  in  some  drinking  and  most 
waste  waters. 

5.  Safety 

5.1  Normal,  accepted  laboratory  safety 
practices  should  be  followed  during 
reagent  preparation  and  instrument 
operation.  No  known  carcinogenic 
materials  are  used  in  this  method. 

6.  Apparatus  and  Materials 

6.1  Balance  -  Analytical,  capable  of 
accurately  weighing  to  the  nearest 
0.0001  g. 
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6.2  Ion  chromatograph  •  Analytical 
system  complete  with  ion  chromato¬ 
graph  and  all  required  accessories 
including  syringes,  analytical  columns, 
compressed  gasses  and  detectors. 

6.2.1  Anion  guard  column:  A  pr  ‘-^r 
of  the  separator  column.  If  omittao  irom 
the  system  the  retention  times  will  be 
shorter.  Usually  packed  with  a  substrate 
the  same  as  that  in  the  separator 
column. 

6.2.2  Anion  separator  column;  This 
column  produces  the  separation  shown 
in  Figures  1  and  2. 

6.2.2.1  Anion  separator  column 
(Method  A):  The  separation  shown  in 
Figure  1  was  generated  using  a  Oionex 
AS4A  column  (P/N  37041).  An  optional 
column  may  be  used  if  comparable 
resolution  of  peaks  is  obtained,  and  the 
requirements  of  section  10.2  can  be 
met. 

6.2. Z2  Anion  separator  column 
(Method  B).  The  separation  shown  in 
Figure  2  was  generated  using  a  Oionex 
AS9  column  (P/N  42025).  An  optional 
column  may  be  used  if  comparable 
resolution  of  peaks  is  obtained  and  the 
requirements  of  section  10.2  can  be 
met. 

6.2.3  Anion  suppressor  device:  The 
data  presented  in  this  method  was 
generated  using  a  Oionex  Anion  Micro- 
Membrane  Suppressor  (P/N  37106). 

6.2.4  Oetector  -  Conductivity  cell: 
approximately  1.25  pL  internal  volume. 
(Oionex,  or  equivalent)  capable  of 
providing  data  as  required  in  section 

10.2. 

6.3  The  Oionex  AI-450  Oata  Chroma¬ 
tography  Software  was  used  to  gener¬ 
ate  all  the  data  in  the  attached  tables. 
Systems  using  a  stripchart  recorder  and 
integrator  or  other  computer  based  data 
system  may  achieve  approximately  the 
same  MOL's  but  the  user  should 
demonstrate  this  by  the  procedure 
outlined  in  Section  10.2. 

7.  Reagents  and  Consumable 
Materials 

7.1  Sample  bottles.  Glass  or  polyethyl¬ 
ene  of  sufficient  volume  to  allow 
replicate  analyses  of  anions  of  interest. 

7.2  Reagent  water:  Distilled  or  deion¬ 
ized  water,  free  of  the  amons  of 


interest.  Water  should  contain  panicles 
no  larger  than  0.20  microns. 

7.3  Eluent  solution  (Method  A  and 
Method  B):  Sodium  bicarbonate  (CAS 
RN  144-55-8)  1.7  mM,  sodium  carbon¬ 
ate  (CAS  RN  497-19-8)  1.8  mM. 
Dissolve  0.2855  g  sodium  bicarbonate 
(NaHCOj)  and  0.3816  g  of  sodium 
carbonate  (Na^CO^)  in  reagent  water 
(7.2)  and  dilute  to  2  liters. 

7.4  Regeneration  solution  (MicroMem- 
brane  Suppressor);  Sulfuric  acid  (CAS 
RN-7664-93-9)  0.025N.  Dilute  2.8  mL 
cone,  sulfuric  acid  (HjSO^)  to  4  liters 
with  reagent  water. 

7.5  Stock  standard  solutions.  1000  mg/ 
L  (1  mg/ml);  Stock  standard  solutions 
may  be  purchased  as  cenified  solutions 
or  prepared  from  ACS  reagent  grade 
materials  (dried  at  105°C  for  30  min.)  as 
listed  below. 

7.5.1  Bromide  (Br)  1000  mg/L: 
Dissolve  1.2876  g  sodium  bromide 
(NaBr,  CAS  RN  7647-15-6)  in  reagent 
water  and  dilute  to  1  liter. 

7.5.2  Bromate  (BrOj*)  1 000  mg/L: 
Dissolve  1 .3057  g  of  potassium 
bromate  (KBrO,,  CAS  RN  7758-01  -2)  in 
reagent  water  and  dilute  to  1  liter. 

7.5.3  Chlorate  (CIO,-)  1000  mg/L: 
Dissolve  1.2753  g  sodium  chlorate 
(NaCIO,.  CAS  RN  7775-09-9)  in 
reagent  water  and  dilute  to  1  liter 

7.5.4  Chloride  (Ch)  1000  mg/L: 

Dissolve  1.6485  g  sodium  chloride 
(NaCI.  CAS  RN  7647-14-5)  in  reagent 
water  and  dilute  to  1  liter. 

7.5.5  Chlorite  (CIO,-)  1000  mg/L: 
Dissolve  1.3410  g  of  sodium  chlorite 
(NaCIO,,  CAS  RN  7758-19-2)  in 
reagent  water  and  dilute  to  1  liter. 

7.5.6  Fluoride  (F-)  1000  mg/L:  Dissolve 
2.2100g  sodium  fluoride  (NaF,  CAS  RN 
7681-49-4)  in  reagent  water  and  dilute 
to  1  liter. 

7.5.7  Nitrate  (NO,--N)  1000  mg/L: 
Dissolve  6.0679  g  sodium  nitrate 
(NaNO,,  CAS  RN  7631-99-4)  in  reagent 
water  and  dilute  to  1  liter. 

7.5.8  Nitrite  (NO,--N)  1000  mg/L: 
Dissolve  4.9257  g  sodium  nilrite 
(NaNO,.  CAS  RN  7632-00-0)  in  reagent 
water  and  dilute  to  1  liter. 


7.5.9  Phosphate  (HPO.^“-P)  1000  mg 
L:  Dissolve  4  3937  g  potassium 
phosphate,  monobasic  (KH,PO..  CAS 
RN  7778-77-0)  in  reagent  water  and 
dilute  to  1  liter. 

7.5.10  Sulfate  (SO,^‘)  1000  mg  L. 
Dissolve  1.8141  g  potassium  suifate 
(K,SO^,  CAS  RN  7778-80-5)  m  reagent 
water  and  dilute  to  1  liter. 

Note:  Stability  of  standards.  StocK 
standards  (7.5)  are  stable  for  at  least 
one  month  when  stored  at  4=C  Dilute 
working  standards  should  be  prepared 
weekly,  except  those  that  contain  mtnte 
and  phosphate  should  be  preoarec 
fresh  daily, 

8.  Sample  Collection,  Preserva¬ 
tion  and  Storage 

8.1  Samples  should  be  collected  m 
scrupulously  clean  glass  or  polyethyl¬ 
ene  bottles. 


8.2  Sample  preservation  and  holding 
times  for  the  anions  that  can  be  deter¬ 
mined  by  this  method  are  as  follow. 


Analyte 

Preservation 

Holding 

Time 

Bromate 

None  required 

28  days 

Bromide 

None  required 

28  days 

Chlorate 

None  required 

28  days 

Chloride 

None  required 

28  days 

Chlorite 

Cool  to  4=  C 

immed 

Fluonde 

Nitrate-N 

None  required 

28  days 

chlorinated 

Cool  to  4"'  C 

28  days 

non  chlorinated 

cone  H_,SO, 
pH  <  2 

1 4  days 

Nitrite-N 

Cool  to  4°  C 

48  hours 

0-Phosphate-P 

Cool  to  4-  C 

48  hours 

Sulfate 

Cool  to  4=  C 

28  days 

8.3  The  method  of  preservation  and 
the  holding  time  for  samples  analyzed 
by  this  method  are  determined  by  the 
anions  of  interest.  In  a  given  sample, 
the  anion  that  requires  the  most  preser¬ 
vation  treatment  and  the  shortest  hold¬ 
ing  time  will  determine  the  preservation 
treatment.  It  is  recommended  that  all 
samples  be  cooled  to  4°  C  and  held  no 
longer  than  28  days  for  Method  A  and 
analyzed  immediately  for  Method  B. 

9.  Calibration  and  Standardiza¬ 
tion 

9.1  Establish  ion  chromatographic 
operating  parameters  equivalent  to 
those  indicated  m  Table  lAor  1B. 
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9.2  For  each  analyte  of  interest,  pre¬ 
pare  calibration  standards  at  a  minimum 
of  three  concentration  levels  and  a 
blank  by  adding  accurately  measured 
volumes  of  one  or  more  stock  standards 
(7.5)  to  a  volumetric  flask  and  diluting  to 
volume  with  reagent  water.  If  a  sample 
analyte  concentration  exceeds  the 
calibration  range  the  sample  may  be 
diluted  to  fall  within  the  range.  If  this  is 
not  possible  then  three  new  calibration 
concentrations  must  be  chosen,  two  of 
which  must  bracket  the  concentration  of 
the  sample  analyte  of  interest.  Each 
attenuation  range  of  the  instrument 
used  to  analyze  a  sample  must  be 
calibrated  individually. 

9.3  Using  injections  of  0.1  to  1 .0  mL 
(determined  by  injection  loop  volume)  of 
each  calibration  standard,  tabulate  peak 
height  or  area  responses  against  the 
concentration.  The  results  are  used  to 
prepare  a  calibration  curve  for  each 
analyte.  During  this  procedure,  reten¬ 
tion  times  must  be  recorded. 

9.4  The  calibration  curve  must  be 
verified  on  each  working  day,  or 
whenever  the  anion  eluent  is  changed, 
and  after  every  20  samples.  If  the 
response  or  retention  time  for  any 
analyte  varies  from  the  expected  values 
by  more  than  ±10%,  the  test  must  be 
repeated,  using  fresh  calibration 
standards.  If  the  results  are  still  more 
than  ±10%,  a  new  calibration  curve 
must  be  prepared  for  that  analyte. 

9.5  Non-linear  response  can  result 
when  the  separator  column  capacity  is 
exceeded  (overloading).  The  response 
of  the  detector  to  the  sample  when 
diluted  1 :1,  and  when  not  diluted, 
should  be  compared.  If  the  calculated 
responses  are  the  same,  samples  of 
this  total  anionic  concentration  need  not 
be  diluted. 

10.  QualKy  Control 

10.1  Each  laboratory  using  this  method 
should  have  a  formal  quality  control 
program.  The  minimum  requirements  of 
this  program  consist  of  an  initial 
demonstration  of  laboratory  capability 
(10.2)  and  the  analysis  of  fortified 
samples  as  a  continuing  check  on 
performance.  The  laboratory  should 
maintain  performance  records  to  define 
and  document  the  quality  of  data  that 
are  generated. 

10.1.1  In  recognition  of  the  rapid 
advances  occurring  in  chromatography, 
the  analyst  is  permitted  certain  options 


to  improve  the  separations  or  lower  the 
cost  of  measurements.  Each  time  such 
modifications  to  the  method  are  made, 
the  analyst  is  required  to  repeat  the 
procedure  in  Section  1 0.2. 

10.1.2  The  laboratory  should  fortify  and 
analyze  a  minimum  of  1 0%  of  all 
samples  to  monitor  continuing  labora¬ 
tory  performance.  A  minimum  of  10%  of 
all  samples  should  be  run  in  duplicate. 

10.2  Before  performing  any  analyses, 
the  analyst  should  demonstrate  the 
ability  to  generate  acceptable  accuracy 
and  precision  with  this  method,  using  a 
laboratory  performance  standard. 

10.2.1  Select  a  representative  check 
corKentration  for  each  analyte  to  be 
measured.  Using  stock  standards, 
prepare  a  laboratory  performance  check 
sample  concentrate  in  reagent  water 

1 00  times  more  concentrated  than  the 
selected  concentrations. 

10.2.2  Using  a  pipet,  add  1.00  mL  of 
the  check  sample  concentrate  (10.2.1) 
to  each  of  a  minimum  of  four  100-mL 
aliquots  of  reagent  water.  Analyze  the 
aliquots  according  to  the  procedure  in 
Section  1 1 . 

10.2.3  Calculate  the  average  percent 
recovery,  (R).  and  the  standard 
deviation(s)  of  the  percent  recovery,  for 
the  results. 

10.2.4  Using  the  appropriate  data  from 
Table  2,  determine  the  recovery  and 
single  operator  precision  expected  for 
the  method,  and  compare  these  results 
to  the  values  calculated  in  Section 
10.2.3.  If  the  data  are  not  comparable 
within  control  limits  (10.3.1),  review 
potential  problem  areas  and  repeat  the 
test. 

10.3  The  analyst  must  calculate 
method  performance  criteria  and  define 
the  performance  of  the  laboratory  for 
each  fortified  concentration  of  analyte 
being  measured. 

10.3.1  Calculate  upper  and  lower 
control  limits  for  method  performance 
as  follows: 

Upper  Control  Limit  (UCL)  -  R  -t-  3  s 
Lower  Control  Limit  (LCL)  »  R  -  3  s 

where  R  and  s  are  calculated  as  in 
Section  10.2.3.  The  UCL  and  LCL  can 
be  used  to  construct  control  chans  that 
are  useful  in  observing  trends  m 
performance. 


10.4  The  laboratory  should  develop 
and  maintain  separate  accuracy 
statements  of  laboratory  performance 
for  each  matrix  being  analyzed  by  the 
laboratory.  An  accuracy  statement  for 
the  method  is  defined  as  R  r  s.  The 
accuracy  statement  should  be  devel¬ 
oped  by  the  analyses  of  four  aliquots  of 
water  or  wastewater,  as  described  in 
Section  10.2.2,  followed  by  the  calcula¬ 
tion  of  R  and  s. 

10.5  Before  processing  any  samples, 
the  analyst  must  demonstrate  through 
the  analysis  of  an  aliquot  of  reagent 
water  that  all  glassware  and  reagent 
interferences  are  under  control.  Each 
time  there  is  a  change  in  reagents,  a 
laboratory  reagent  blank  must  be 
processed  as  a  safeguard  against 
laboratory  contamination. 

10.6  It  is  recommended  that  the 
laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this 
method.  The  specific  practices  that  are 
most  productive  depend  upon  the 
needs  of  the  laboratory  and  the  nature 
of  the  samples.  Field  duplicates  may  be 
analyzed  to  monitor  the  precision  of  the 
sampling  technique.  When  doubt  exists 
over  the  identification  of  a  peak  in  the 
chromatogram,  confirmatory  techniques 
such  as  sample  dilution  and  fortification, 
must  be  used.  Whenever  possible,  the 
laboratory  should  perform  analysis  of 
quality  control  check  samples  and 
participate  in  relevant  performance 
evaluation  sample  studies. 

10.7  In  order  to  verify  that  standards 
have  been  prepared  correctly  a 
reference  standard  check  should  be 
performed  using  a  standard  of  known 
concentration  prepared  by  an  independ¬ 
ent  source. 

10.8  With  each  batch  of  samples 
processed  analyze  a  single  laboratory 
fortified  blank  containing  each  analyte 
of  concern  at  a  concentration  at  or  near 
those  used  in  the  reagent  water  data  in 
Tables  2A  or  2B.  If  more  than  20 
samples  are  run  in  a  batch  analyze  one 
LFB  for  every  20  samples.  Evaluate  the 
accuracy  by  compairing  to  Tables  2A  of 
2B.  If  acceptable  data  cannot  be 
obtained,  locate  the  problem  and 
correct  it. 

10.9  At  least  quarterly,  replicates  of 
LFBs  should  be  analyzed  to  determine 
the  precision  of  the  laboratory  measure¬ 
ments.  Add  these  results  to  the  on¬ 
going  control  charts  to  document  data 
quality. 
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10.10  Whan  using  Part  B,  the  analyst 
should  be  aware  of  the  purity  of  the 
reagents  used  to  prepare  standards. 
Allowances  must  be  made  when  the 
solid  materials  are  less  than  99%  pure. 

11.  Procedure 

11.1  Tables  1 A  and  IB  summarize  the 
recommended  operating  conditions  for 
the  ion  chromatograph.  Included  in  this 
table  are  estimated  retention  times  that 
can  be  achieved  by  this  method.  Other 
columns,  chromatographic  conditions, 
or  detectors  may  be  used  if  the  require¬ 
ments  of  Section  10.2  are  met. 

11.2  Check  system  calibration  daily 
and  .  if  requir^.  recalibrate  as  de¬ 
scribed  in  Section  9. 

11.3  Load  and  inject  a  fixed  amount  of 
well  mixed  sample.  Flush  injection  loop 
thoroughly,  using  each  new  sample. 

Use  the  same  size  loop  for  standards 
and  samples.  Record  the  resulting  peak 
size  in  area  or  peak  height  units.  An 
automated  constant  volume  injection 
system  may  also  be  used. 

1 1 .4  The  width  of  the  retention  time 
window  used  to  make  identifications 
should  be  based  upon  measurements 
of  actual  retention  time  variations  of 
standards  over  the  course  of  a  day. 
Three  times  the  standard  deviation  of  a 
retention  time  can  be  used  to  calculate 
a  suggested  window  size  for  each 
analyte.  However,  the  experience  of  the 
analyst  should  weigh  heavily  in  the 
interpretation  of  chromatograms. 

1 1 .5  If  the  response  for  the  peak 
exceeds  the  working  range  of  the 
system,  dilute  the  sample  with  an 
appropriate  amount  of  reagent  water 
and  reanalyze. 

1 1 .6  If  the  resulting  chromatogram  fails 
to  produce  adequate  resolution,  or  if 
identification  of  specific  anions  is 
questionable,  fortify  the  sample  with  an 
appropriate  amount  of  standard  and 
reanalyze. 

Note:  Retention  time  is  inversely 
proportional  to  concentration.  Nitrate 
and  sulfate  exhibit  the  greatest  amount 
of  change,  although  all  anions  are 
affected  to  some  degree.  In  some 
cases  this  peak  migration  may  produce 
poor  resolution  or  identification. 

11.7  The  following  extraction  should  be 
used  for  solid  materials.  Add  an  amount 
of  reagent  water  equal  to  ten  times  the 


weight  of  dry  solid  material  taken  as  a 
sample.  This  slurry  is  mixed  together  for 
ten  minutes  using  a  magnetic  stirring 
device.  Filter  the  resulting  slurry  before 
injecting  using  a  0.45  p  membrane  type 
filter.  This  can  be  the  type  that  attaches 
directly  to  the  end  of  the  syringe.  Care 
should  be  taken  to  show  that  good 
recovery  and  identification  of  peaks  is 
obtained  with  the  users  matrix  through 
the  use  of  spikes. 

12.  Calculation 

12.1  Prepare  separate  calibration 
curves  for  each  anion  of  interest  by 
plotting  peak  size  in  area,  or  peak 
height  units  of  standards  against 
concentration  values.  Compute  sample 
concentration  by  comparing  sample 
peak  response  with  the  standard  curve. 

1 2.2  Report  results  in  mg/L. 

1 2.3  Report  NOj-  as  N 

NO,-  as  N 
HPO,*-  as  P 

13.  Precision  and  Accuracy - 
Method  Detection  Limit 

13.1  The  method  detection  limit  (MOL) 
is  defined  as  the  minimum  concentra¬ 
tion  of  a  substance  that  can  be  meas¬ 
ured  and  reported  with  99%  confidence 
that  the  value  is  above  zero.  The  MDL 
concentrations  listed  in  Table  1A  and 

1 B  were  obtained  using  reagent  waters. 

13.2  Single  operator  accuracy  and 
precision  for  reagent,  drinking  and 
surface  water,  and  mixed  domestic  and 
industrial  wastewater  are  listed  in  Table 
2A  and  2B. 

13.3  Multiple  laboratory  accuracy  and 
precision  data  for  reagent,  drinking  and 
waste  water  using  method  A  are  given 
for  each  anion  in  tables  3  through  9. 
Data  from  nineteen  laboratories  were 
used  for  this  data. 

13.4  Some  of  the  bias  statements,  for 
example  chloride  and  sulfate,  may  be 
misleading  due  to  spiking  small 
increments  of  the  anion  into  large 
naturally  occuring  concentrations  of  the 
same  anion. 
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Table  1  A.  Chromatographic  Conditions  and  Detection  Limits  In  Reagent  Water  (Method  A) 


Analyte 

* 

Peak# 

Retention 

Time  (min) 

MDL 

(mg/L) 

Fluoride 

1 

1.2 

0.01 

Chloride 

2 

1.7 

0.02 

Nitrite-N 

3 

2.0 

0.004 

Bromide 

4 

2.9 

0.01 

Nitrate-N 

5 

3.2 

0.002 

0-Phosphate-P 

6 

5.4 

0.003 

Sulfate 

7 

6.9 

0.02 

Standard  Conditions: 

Columns:  as  specified  in  6.2.2. 1 

Detector:  as  specified  in  6.2.4  Pump  Rate:  2.0  mUmin. 

Eluent:  as  specified  in  7.3.1  Sample  Loop:  50  pL 

MOL  calculated  from  data  system  using  a  y-axis  selection  of  1000  ns  and  with  a  stripchart  recorder  with  an 
attenuator  setting  of  1  uMHO  full  scale. 

*  See  figure  1 


Table  1 B.  Chromatographic  Conditions  and  Detection  Limits  In  Reagent  Water  (Method  B) 


Analyte 

Peak  # 

Retention 
Time  (min) 

MDL 

(mg/L) 

Chlorite 

1 

2.8 

0.01 

Bromate 

2 

3.2 

0.02 

Chlorate 

4 

7.1 

0.003 

Standard  Conditions; 

Column;  as  specified  in  6.2. 2. 2 

Detector;  as  specified  in  6.2.4  Pump  Rate:  1 .0  mUmin. 

Eluent:  as  specified  in  7.3  Sample  Loop;  50  pL 

Attentuation  - 1 
y  -  axis  -  500  ns 

*See  figure  2 
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Table  2A.  Single-Operator  Accuracy  and  Precision  of  Standard  Anions  (Method  A) 


Number 

Mean 

Standard 

Sample 

Spike 

of 

Recovery 

Deviation 

Analyte 

Type 

(mg/L) 

Replicates 

% 

(mg/L) 

Bromide 

RW 

5.0 

7 

99 

0.08 

DW 

5.0 

7 

105 

0.10 

SW 

5.0 

7 

95 

0.13 

WW 

5.0 

7 

105 

0.34 

GW 

5.0 

7 

92 

0.34 

SD 

2.0 

7 

82 

0.06 

Chloride 

RW 

20.0 

7 

96 

0.35 

DW 

20.0 

7 

108 

1.19 

SW 

10.0 

7 

86 

0.33 

WW 

20.0 

7 

101 

5.2 

GW 

20.0 

7 

114 

1.3 

SD 

20.0 

7 

90 

0.32 

Fluoride 

RW 

2.0 

7 

91 

0.05 

DW 

1.0 

7 

92 

0.06 

SW 

1.0 

7 

73 

0.05 

WW 

1.0 

7 

87 

0.07 

GW 

0.4 

7 

95 

0.07 

SD 

5.0 

7 

101 

0.35 

Nitrate-N 

RW 

10.0 

7 

103 

0.21 

OW 

10.0 

7 

104 

0.27 

SW 

10.0 

7 

93 

0.17 

WW 

10.0 

7 

101 

0.82 

GW 

10.0 

7 

97 

0.47 

SD 

10.0 

7 

82 

0.28 

Nitrite-N 

RW 

10.0 

7 

97 

0.14 

DW 

10.0 

7 

121 

0.25 

SW 

5.0 

7 

92 

0.14 

WW 

5.0 

7 

91 

0.50 

GW 

10.0 

7 

96 

0.35 

SD 

2.0 

7 

98 

0.08 

0-Phosphate-P 

RW 

10.0 

7 

99 

0.17 

DW 

10.0 

7 

99 

0.26 

SW 

10.0 

7 

98 

0.22 

WW 

10.0 

7 

106 

0.85 

GW 

10.0 

7 

95 

0.33 

Sulfate 

RW 

20.0 

7 

99 

0.40 

DW 

50.0 

7 

105 

3.35 

SW 

40.0 

7 

95 

1.7 

WW 

40.0 

7 

102 

6.4 

GW 

40.0 

7 

112 

3.2 

RW  =  Reagent  Water  WW  =  Mixed  Domestic  and  Industrial  Wastewater 

DW  »  Drinking  Water  GW  =  Groundwater 

SW  a  Surface  Water  SD  =  USEPA  QC  Solid  (Shale) 


300.0-7 


August  1991 


Table  2B.  Single-Operator  Accuracy  and  precision  of  By-Products  (Method  B) 


Analyte 

Sample  Spike 
Type 

Spike 

(mg/L) 

Bromate 

RW 

5.0 

1.0 

0.1 

0.05 

DW 

50 

1.0 

0.1 

0.05 

Chlorate 

RW 

5.0 

1.0 

0.1 

0.05 

DW 

5.0 

1.0 

0.1 

0.05 

Chlorite 

RW 

5.0 

1.0 

0.1 

0.05 

DW 

5.0 

1.0 

0.1 

0.05 

Number 

Mean 

Standard 

of 

Recovery 

Deviation 

Replicates 

% 

(mg/L) 

7 

103 

0.07 

7 

98 

0.04 

7 

155 

0.005 

7 

122 

0.01 

7 

95 

0.04 

7 

85 

0.02 

7 

98 

0.005 

7 

98 

0.005 

7 

101 

0.06 

7 

97 

0.01 

7 

100 

0.01 

7 

119 

0.05 

7 

101 

0.04 

7 

115 

0.01 

7 

121 

0.005 

7 

110 

0.01 

7 

100 

0.04 

7 

98 

0.01 

7 

86 

0.01 

7 

94 

0.01 

7 

96 

0.03 

7 

100 

0.02 

7 

76 

0.00 

7 

96 

0.01 

RW  »  Reagent  Water 
DW  =  Drinking  Water 
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Table  3.  Determinatirn  of  Bias  for  Fluoride 


Water 

Am't  Added 

Am't  Found 

s, 

s. 

Bias 

mg/'L 

mg/L 

% 

Reagent 

0.26 

0.25 

0.08 

0.11 

-3.8 

0.34 

0.29 

0.11 

-14.7 

2.12 

2.12 

0.07 

0.12 

0.0 

2.55 

2.48 

0.14 

-2.7 

6.79 

6.76 

0.20 

0.19 

-0.4 

8.49 

8.46 

0.30 

-0.4 

Drinking 

0.26 

0.24 

0.08 

0.05 

-7.7 

0.34 

0.34 

0.11 

0.0 

2.12 

2.09 

0.18 

0.06 

-1.4 

2.55 

2.55 

0.16 

0.0 

6.79 

6.84 

0.54 

0.25 

+0.7 

8.49 

8.37 

0.75 

-1.4 

Waste 

0.26 

0.25 

0.15 

0.06 

-3.8 

0.34 

0.32 

0.08 

-5.9 

2.12 

2.13 

0.22 

0.15 

+0.5 

2.55 

2.48 

0.16 

-2.7 

6.79 

6.65 

0.41 

0.20 

-2.1 

8.49 

8.27 

0.36 

-2.6 

Table  4.  Determination  of  Bias  for  Chloride 


Water 

Am't  Added 

Am't  Found 

s. 

s. 

Bias 

mg/L 

mg/L 

% 

Reagent 

0.78 

0.79 

0.17 

0.29 

+1.3 

1.04 

1.12 

0.46 

+7.7 

6.50 

6.31 

0.27 

0.14 

-2.9 

7.8u 

7.76 

0.39 

-0.5 

20.8 

20.7 

0.54 

0.62 

-0.5 

26.0 

25.9 

0.58 

-0.4 

Drinking 

0.78 

0.54 

0.35 

0.20 

-30.8 

1.04 

0.51 

0.38 

-51.0 

6.50 

5.24 

1.35 

1.48 

-19.4 

7.80 

6.02 

1.90 

-22.8 

20.8 

20.0 

2.26 

1.14 

-3.8 

26.0 

24.0 

2.65 

-7.7 

Waste 

0.78 

0.43 

0.32 

0.39 

-44.9 

1.04 

0.65 

0.48 

-37.5 

6.50 

4.59 

.82 

0.83 

-29.4 

7.80 

5.45 

2.02 

-30.1 

20.8 

18.3 

2.41 

1.57 

-11.8 

26.0 

23.0 

2.50 

-11.5 

300.0-9 
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Table  5.  Determination  of  Bias  for  Nitrite  •  Nitrogen 


Water 

Am't  Added 

Am't  Found 

s, 

So 

Bias 

mg/L 

mg/L 

% 

Reagent 

0.36 

0.37 

0.04 

0.04 

+2.8 

0.48 

0.48 

0.06 

0.0 

3.00 

3.18 

0.12 

0.06 

+6.0 

3.60 

3.83 

0.12 

+6.4 

9.60 

9.84 

0.36 

0.26 

+2.5 

12.0 

12.1 

0.27 

+0.6 

Drinking 

0.36 

0.30 

0.13 

0.03 

-16.7 

0.48 

0.40 

0.14 

-16.7 

3.00 

3.02 

0.23 

0.12 

+0.7 

3.60 

3.62 

0.22 

+0.6 

9.60 

9.59 

0.44 

0.28 

-0.1 

12.0 

11.6 

0.59 

-3.1 

Waste 

0.36 

0.34 

0.06 

0.04 

-5.6 

0.48 

0.46 

0.07 

-4.2 

3.00 

3.18 

0.13 

0.10 

+6.0 

3.60 

3.76 

0.18 

+4.4 

9.60 

9.74 

0.49 

0.26 

+1.5 

12.0 

12.0 

0.56 

+0.3 

Table  6.  Determination  of  Bias  for  Bromide 


Water 

Amt  Added 

Ami  Found 

s. 

s. 

Bias 

mg/L 

mg/L 

% 

Reagent 

0.63 

0.69 

0.11 

0.05 

+9.5 

0.84 

0.85 

0.12 

+1.2 

5.24 

5.21 

0.22 

0.21 

-0.6 

6.29 

6.17 

0.35 

-1.9 

16.8 

17.1 

0.70 

0.36 

+1.6 

21.0 

21.3 

0.93 

+1.5 

Drinking 

0.63 

0.63 

0.13 

0.04 

0.0 

0.84 

0.81 

0.13 

-3.6 

5.24 

5.11 

0.23 

0.13 

-2.5 

6.29 

6.18 

0.30 

-1.7 

16.8 

17.0 

0.55 

0.57 

+0.9 

21.0 

20.9 

0.65 

-0.4 

Waste 

0.63 

0.63 

0.15 

0.09 

0.0 

0.84 

0.85 

0.15 

+1.2 

5.24 

5.23 

0.36 

0.11 

-0.2 

6.29 

6.27 

0.46 

-0.3 

16.8 

16.6 

0.69 

0.43 

-1.0 

21.0 

21.1 

0.63 

+0.3 
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Table  7.  Determination  of  Bias  for  Nitrite  -  Nitrogen 


Water 

Am't  Added 

Am't  Found 

s. 

s. 

Bias 

mg/L 

mg/L 

% 

Reagent 

0.42 

0.42 

0.04 

0.02 

0.0 

0.56 

0.56 

0.06 

0.0 

3.51 

3.34 

0.15 

0.08 

-4.8 

4.21 

4.05 

0.28 

-3.8 

11.2 

11.1 

0.47 

0.34 

-1.1 

14.0 

14.4 

0.61 

+2.6 

Drinking 

0.42 

0.46 

0.08 

0.03 

+9.5 

0.56 

0.58 

0.09 

+3.6 

3.51 

3.45 

0.27 

0.10 

-1.7 

4.21 

4.21 

0.38 

0.0 

11.2 

11.5 

0.50 

0.48 

+2.3 

14.0 

14.2 

0.70 

+1.6 

Waste 

0.42 

0.36 

0.07 

0.06 

-14.6 

0.56 

0.40 

0.16 

-28.6 

3.51 

3.19 

0.31 

0.07 

-9.1 

4.21 

3.84 

0.28 

-8.8 

11.2 

10.9 

0.35 

0.51 

-3.0 

14.0 

14.1 

0.74 

+0.4 

Table  8.  Determination  of  Bias  for  Ortho-Phosphate 


Water 

Am't  Added 

Am't  Found 

s, 

s. 

Bias 

mg/L 

mg/L 

% 

Reagent 

0.69 

0.69 

0.06 

0.06 

0.0 

0.92 

0.98 

0.15 

+6.5 

5.77 

5.72 

0.36 

0.18 

-0.9 

6.92 

6.78 

0.42 

-2.0 

18.4 

18.8 

1.04 

0.63 

+2.1 

23.1 

23.2 

0.35 

+0.4 

Drinking 

0.69 

0.70 

0.17 

0.17 

+1.4 

0.92 

0.96 

0.20 

+4.3 

5.77 

5.43 

0.52 

0.40 

-5.9 

6.92 

6.29 

0.72 

-9.1 

18.4 

18.0 

0.68 

0.59 

-2.2 

23.1 

22.6 

1.07 

-2.0 

Waste 

0.68 

0.64 

0.26 

0.09 

-7.2 

0.92 

0.82 

0.28 

-10.9 

5.77 

5.18 

0.66 

0.34 

-10.2 

6.92 

6.24 

0.74 

-9.8 

18.4 

17.6 

2.08 

1.27 

-4.1 

23.1 

22.4 

0.87 

-3.0 
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Table  9.  Determination  of  Bias  for  Sulfate 


Water 


Reagent 


Drinking 


Waste 


Ami  Added 
mg/L 

Am1  Found 
mg/L 

s. 

s. 

Bias 

% 

2.85 

2.83 

0.32 

0.52 

-0.7 

3.80 

3.83 

0.92 

+0.8 

23.8 

24.0 

1.67 

0.68 

+0.8 

28.5 

28.5 

1  56 

-0.1 

76.0 

76.8 

3.42 

2.33 

-►1.1 

95.0 

95.7 

3.59 

+0.7 

2.85 

1.12 

0.37 

0.41 

-60.7 

3.80 

2.26 

0.97 

-40.3 

23.8 

21.8 

1.26 

0.51 

-8.4 

28.5 

25.9 

2.48 

-9.1 

76.0 

74.5 

4.63 

2.70 

-2.0 

95.0 

92.3 

5.19 

-2.8 

2.85 

1.89 

0.37 

0.24 

-33.7 

3.80 

2.10 

1.25 

-44.7 

23.8 

20.3 

3.19 

0.58 

-14.7 

28.5 

24.5 

3.24 

-14.0 

76.0 

71.4 

5.65 

3.39 

-6.1 

95.0 

90.3 

6.80 

-5.0 

300.0-12 
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ARAR  ID  ENT! FI  C A  TION  FORM 

McClellan  AFB  •  Soil  Vapor  Extraction  Pilot 


'■  SAC.  METRO  AIR  QUALITY  MANAGEMENT  DISTRICT 


JORGE  DeGUZMAN  PHONE:  (916)  386-7027 


AIR  EMISSIONS 

Actlon>sp«C>fiC  ARAR«; 

SMaQMO  Rule  202,  Sictlon  301  •  BACT  roqulremanu 
SMAOMD  Ru'e  401  •  Ringelman  Chart  (20%  opacity  limit) 
SMAQMO  Rule  403  •  Pugltlva  OUST 

21  Chamioal-apeel^'c  ARARs: 

SMAQMO  Rult  202,  Section  301  •  BACT  raqulremanta 
SMAQMO  Rule  202.  Section  302  *  Otfeats 
SMAQMO  Rule  402  •  Nuisanca/Maalth  RUk  Assatamam* 

3)  Slta*8paetfic  ARARe: 

SMAQMO  Rule  202,  Section  301  •  BACT  requiramems 
SMAQMO  Rule  202,  Section  302  •  Ortsaia 
SMAQMO  Rule  402  •  Nuiaance/Heaitn  RISK  Assessments 


I 


TO:  M0r^ 

o  rac  -  JtTg  mtrmA  rtOM 
lotai  eaoYOOH  way,  suire  j 

SACAAMtHTO,  CA  »5a37 


ARAR  IDENTIFICATION  FORM 

McClellan  AFB  •  Soil  Vapor  Extraction  Pilot 

AQFNCYj 

DTSC  -  Region.  1  -  Facility  Paraltting  Branch 

CONTACT  FSnsON  i  PHONE  /VLTMagfl.- 
Brie  Hong,  (916)  83S-7726 


1)  Aotlcn-apaoHlc  AfiABat 

Hiaoellaneous  Treatment  Unit  perfomancd  Standards:  22CCR  66264.601 
HW  Managament  ?roc«ae  Vents:  40crR  264  Suhpart  AA(264.1030) 
Incinerator  Performance  Standards:  22CCR  66264.343,  66264.345  _ 

2)  Chamloml^aoeottlc  AAAMat 

Characterietlos  of  Toxicity:  22CCR  66261.24 

RCRA  Listing  of  waste:  22CCR  Chapter  11,  Article  4 

S)  3tt0-3oaetflc  APAASs 


Facility  Location:  22CCR  66270 . 14 (b) (11) 
Facility  Security:  22CCR  66264.14 
Location  standards:  22CCR  '66264.18 


orsc,  sfrg 

fOf#f  9 

SsmAmmm0f9,  0^  9€09T 


// 


FORM  311 

EMERGENCY  TELEPHONE  NUMBERS 


Police 

Department 

Address: 

2852nd  SPS 

McClellan  AFB 

Phone:  916/643-6168 

112 

911  (off-base) 

Fire 

Department 

Address: 

2852nd  DEF/ABG 
McClellan  AFB 

Phone:  i  '643-5622 

11" 

911  (off-base) 

Paramedic 

Address: 

Phone:  116 

911  (off-base) 

Fire 

Report 

Address: 

Phone:  1 17 

911  (off-base) 

Ambulance 

Service 

Address: 

Phone:  1 1 6 

911  (off-base) 

Water 

Department 

Address: 

Phone:  916/643-4875 

366-2000  (off-base) 

Gas 

Utility 

Address: 

Phone:  916/643-4875 

383-2323  (off-base) 

Electric 

Utility 

Address: 

Phone:  916/643-4875 

383-2323  (off-base) 

Telephone 

Utility 

Address: 

Phone:  916/643-4875 

81 1-90(X)  (off-base) 

Hospital 

Address: 

American  River  Hosp. 
4747  Engle  Road 
Carmichael,  CA 
(off-base) 

Phone:  916/643-5420 

848-2100  (off-base) 

Owner 

Address: 

Phone: 

Contact: 

This  notice  is  located  at  : 


CVOR275/001.5I 


RECORD  OP  HAZARDOUS  WASTE  FIELD  ACTIVITV 


seaf;49A)39.51/l  4/13/92  CVOK275/U03  51 


'viaici'Qi  i-/<ai<3  oi 'cci 

(7c<5oired  t/rxjcr  USOL  Sticly  tf>«  Heaiin 
lOf  Sf^OvafO  Gmoiov'incot  (;9  CFR  >91  Si 


u.i.  uepuiiineiu  oi  uaocr 

Occuoaiiooai  Saiciv  and  Meann  Aommisiiai-on 


lion  I 


CMS  Mo  >2>6-007j 
E»oi'aiioo  Dole  05/ 3 1  SG 


PREPARED  1/10/86 


Manuiaourer  $  Name 

?NOX,  INC. 


cmefgencv  Teieonone  Numocf 

(212)  473-1300 


Address  (Numoer.  Sireei.  Giy.  Slate,  and  ZIP  Code) 

215  PARK  AVENUE  SOUTH 


Chemical  Name 
and  Synonyms 


N,A. 


NEW  YORK,  N.Y.  10003 


Trade  Name 
and  Synonyms 


ALCONOX 


Chemical 


d  UZtn’-l  \  (163<x-7>  /!63<j/-A7-3;r4f'^.S^ry 


Formua 

ANIONIC  DETERGENT 


N.A. 


Section  II  •  Hazardous  IndradlenU 


Pelota,  Preaanredyea.  and  Sotrentt _  i,  TWOloiB)  AUoya  and  Metallic  Coatingt  "li  TLV  (Unasi 


Pigments 

NONE 

Base  Metal 

NONE 

Catalyst 

NONE 

Alloys 

NONE 

Venide 

NONE 

MeuiircCoaimgs 

NONE 

1 

Sotveies 

NONE 

1 

Filer  Metal 

Plus  Coating  or  Core  Ftisc  NONE 

Aodeives 

NONE 

Otners 

NONE  ■ 

! 

Others 

NONE 

/  ''^zardoua  Mixtures  o<  Other  LIquMa,  SdMda  or  C. 


S  TLV  (Unas  I 


NONE _ .  _ I  I 

I  ! 


Section  III  -  Physicat  Oala 


Sorlutg  Porrs  (^F) 

1 

N.A. 

Speolic  Gravtty  (H,Oxi) 

N.A. 

Vaoor  Pressure  (mm  Hg.) 

N.A- 

Percent  Voiaiile  Dy  Volume  (%) 

1  N.A. 

Vaoor  Oensiiy  (AlRai ) 

N.A- 

Evaooraton  Hate 

•1)  ‘ 

N.A. 

Sokioaiiy  n  Water 

APPRECIABLE 

Aop«aranc«  and  Odor 

WHITE  POWDER  INTERSPERSED  WITH  CREAM  COLORED  FLAKES  -  ODORLESS 

Sectldn  IV  •  Are  and  Ezoloatdn  Hazard  Oala  | 

Flasn  Poea  (Meinod  Used) 

NONE 

Plammaoie  Limas  I 

t  -  -  - 

N.A. 

&d«qudivnqMeda  WATER,  CO^ ,  DRY  CHEMICAL,  FOAM,  SAND /EARTH 


Soectai  Fire  FWjruev]  Procedures 

_ FOR  FIRES  INVOLVING  THIS  MATERIAL,  DO  NOT  ENTER  WITHOUT 

PROTECTIVE  EQUIPMENT  AND  SELF  CONTAINED  BREATHING  APPAR<\T'JS 

r  I  arvj  Eiotoson  Hararos 

_ NONE _ 


.r><« 


rrwc^.Moio  l."**** 

_ NO  DATA  AVAILABLE  -  TREAT  AS  NUISANCE  DUST 


c<feo$  0*  Ovcrc«no$u*e 

PROLONGED  EXPOSURE  TO  DUST  MAY  IRRITATE  MUCOUS  MEMBRANES 


SKIN-FLUS'rT 


PLENTY  OF  WATER-  INGESTION  -  DRINK  LARGE  QUANTITIES  OF  WATER 


TO  DILUTE  MATERIAL.  GET  MEDICAL  ATTENTION  FOR  DISCOMFORT. 


Section  VI  •  A««cthr<tY  OaU 


SaoMr  Unsuoie  ConooionsioAvoid 

NONE 


UnsuMe 

Suoie 

X 

incompauoMy  (Maienais  lo  Avodi 

AVOID  STRONG  ACIDS 


timoousOeeomeoiannProcuas  RELEASE  CO2  GAS  ON  BURNING 


Conomons  to  Avod 


Potymcnaiion 


May  Occur 

Wil  Not  Occur 

X 

• 

NONE 


S4ctloa  VII  •  SpUl  or  ProoMur** 


Sieosiooo  rakennCaMtUaieralaAeWaseoarSoded  _ 

MATERIAL  FOAMS  PROFUSELY,  SHOVEL  AND  RECOVER 


AS  MUCH  AS  POSSIBLE.  RINSE  REMAINDER  TO  SEWER.  MATERIAL  IS  COMPLETELY 


BIODEGRADABLE. 


WasM  Odooai  Mteuwo 

SMALL  QUANTITIES  MAY  BE  DISPOSED  OF  IN  SEWER.  LARGE 


BesoraKkv  Protoawo  (Soooty  Type) 


DUST  MASK 


verMnon 

local  Exnausi 

NORMAL 

Soecai 

N.A. 

Mecnanwai  (Generali 

N.A. 

Outer 

N.A. 

eyoPnneaion 


USEFUL  -  NOT  REQUIRED 


Proieciwo  Cloves 

USEFUL  -  NOT  REQUIRED 


Outer  PiQieaive  tguomere 

- NOT  REQUIRED  _ 


SecMori  IX  -  Soectel  Precaution* 


P'ecauvons  10  oe  ra«en  <t  rianoknq  ana  Slormq 

SHOULD  BE  STORED  IN  A  DRY  AREA  TO 


PREVENT  CAKING 


0»v?* 

NO  SPECIAL  REQUIREME.NTS  OTHER  THAN  THE  GOOD;  INDUSTRIAL 


HYGIENE  AND  SAFETY  PRACTICES  EMPLOYED  WITH  ANY  INDUSTRIAL  CHEMIC-AL.  . 


O': 


LIQUID  Ain  CORPORATION 

INDUSTRIAL  OASES  DIVISION 


Material  Safety  Data  Sheet 


# 


UQUIO  AIR  CORPORATION 
■MMiMM  OMC*  ounana 

On*  CAlifoml*  Plaza,  Suit*  350 
2121 N.  California  Blvd. 

Walnut  Croak.  California  94S94 

l»UE  DATE  OCTOBER  I.  1«*S 

ANO  RCVISKMS  CORPORATE  SAPETr  OCFt 


PRODUCT  NAME 

SBltfmugg*'  f _ 

TELEPHONE  (41S)  977*B500 

EMEROENCY  RESPONSE  INFORMATION  ON  PACE  3 

trade  name  ANO  SYNONYMS  Hydrogeo , 
Normal  Hydrogen,  Water  Gas _ 

chemical  NAME  ANO  SYNONYMS  . 

Hydrogen  _ 

FORMULA  MOLECULAR  WEIGHT 

•  _ '  '2.016 


CAS  NUMBER 

1333-74^ 


CHEMICAL  FAMILY 


Inorganic  flatimable  gas 


HEALTH  HAZARD  DATA 

TIME  WEIGHTED  AVEiucE  EXPOSURE  uMiT  Hyorogen  IS  defined  as  a  simple  aspnyxianc.  Uxygen  levels 
should  be  maintained  at  greater  than  18  molar  percent  at  normal  atmospheric  pressure 
which  is  equivalent  to  a  partial  pressure  of  135  mm  Hq,  (ACGIH,  1984-85)  _ 

Inhalation:  High  concentrations  of  hydrogen  so  as  to  exclude  an  adequate  supply  of 
oxygen  to  the  lungs  causes  dizziness,  deeper  breathing  due  to  air  hunger,  possible 
nausea  and  eventual  unconsciousness. 


TOXICOLOGICAL  PROPERTIES  = - 

Hydrogen  is  inactive  biologically  and  essentially  nontoxic;  therefore,  the  major 
property  is  the  exclusion  of  an  adequate  supply  of  oxygen  to  the  lungs. 


Listed  as  Carcinogen 
or  Potential  Carcinogen 


National  Ibxicology  Yes  □ 
Program  No  S 


IJV.R.C.  Yes 
Monographs  No 


OSHA  Yes  G 
No  a 


RECOMMCNOCD  first  UO  TREATMENT  "  - - - 

PROMPT  MEDICAL  ATTENTION  IS  MANDATORY  IN  ALL  CASES  OF  OVEREXPOSURE  TO  HYDROGEN. 

RESCUE  PERSONNEL  SHOULD  BE  EQUIPPED  WITH  SaF-CONTAINED  BREATHING  APPARATUS  AND  BE 
COGNIZANT  OF  EXTREME  FIRE  ANO  EXPLOSION  HAZARD. 

Inhalation:  Conscious  persons  should  be  assisted  to  an  uncontaminated  area  and 
inhale  fresh  air.  Quick  removal  from  the  contaminated  area  is  most  important. 
Unconscious  persons  should  be  moved  to  an  uncontaminated  area,  given  mouth -to-mouth 
resuscitation  and  supplemental  oxygen.  Medical  assistance  should  be  sought  immediately. 


as  10  ifM  wNMiMv  01  matflwiM  nwMi  w  onreraMr  t  owooMi  M(  ntcnun*  owouiw  I  in* 
00  l*iiMAi(C«eoaaaaoaitfidsnowofnonot. moooonoitoitsonuiiom. inoasainiotnoNsoono 
owooMsotcoosomnsoi  M  os  (ISO  SoKOLioiMAlfCaraoniionnstnoconiRoaiiof  mousooiRn 
lusooraooaejaooatmtofoMl.  OaisSlMoamoYMenanotairomionoiauno.  BotwoMMnool 


ow  riioftiero.  wnougn  ttisonaOM  cait  nas  ootn  laaon  m  tot  onearamn  oi  5ucn 
as  10  M  tCRtf acv  of  sunsoMr  oi  tucn  iniormaiion  >ar  aeoocaim  lo  puicnauf  ^ 
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HASAHOOUS  MIXTUHES  OF  OT^R  UQUIOS.  SOUOS.  OR  OASCa 

Hydrogen  is  flammable  over  a  very  wide  range  in  air. 


PHYSICAL  DATA 


X 


BOlUNO  POINT 

_-422.98-F  (-252.77“C} 

UOUIO  DENSITY  AT  BOIUNC  POINT 

4.4307  Ih/ft^  (70.973 

VAPOR  PRESSURE  (3  JQ^F  (HKl^C)  abovo  the 

critical  temp,  of  -399.84'’F  (-239.91‘’C1 

GAS  DENSITY  AT  rO'P  1  dm 

.005209  Ib/ft^  (.08344  ko/m^) 

soLUBiurr  IN  WATER  (3  sa^F  (20'’C)  Bunsen 
coefficient  =  .0178 

FREQNO  POINT 

-434.S65“F  (-259.203‘’C) 

APPEARANCE  ANO  OOOR 

Colorless,  odorless  oas.  Soecific  aravitv  i?70'’F  (Air  »  1.0)  is  .07. 

FIRE  AND  EXPLOSION  HAZARD  DATA 


flash  POINT  (METHOD  USED) 

_Gas_ 

AUTO  IGNITION  TEMPERATURE 

1058'’F  (570‘'C) 

FLAMMABLE  UMITS  W  BY  VOLUME 

LEL  =  4;  UEL  =  74.5 

extinguishing  meou 

Water,  carbon  dioxide,  dry  chemical 

ELECTRICAL  CLASSIFIOT10N 

Class  1,  Group  B 

SRCCUL  FIRE  FIGMT1N<S  FROCEOURES 

If  possible,  stop  the  flow  of  hydrogen.  Cool  surrounding  containers  with  water  spray. 
Hydrogen  bums  with  an  almost  invisible  flame  of  relatively  low  thermal  radiation. 


UNUSUAL  FIRE  ANO  EXPLOSION  HAZAROS 

irogen  is  very  light  and  rises  very  rapidly  in  air.  Should  a  hydrogen  fire  be 
vAtinguished  and  the  flow  of  gas  continue,  increase  ventilation  to  prevent  an 
_  (Continued  on  last  oaae 


REACTIVITY  DATA 


STABIUTY 

UiwIaM* 

CONomONS  TO  AVOID 

Tt«W 

X 

INCOMPATipiUTY  (MUHH  ••  otbMI 

.Qxidi7prs 

HAEAROOUS  OeCOMPOSmON  PRODUCTS 

None 

HAZARDOUS  POLTI 
MayOccw 

WERIZATraN 

CDNOITIOMS  TO  AVOID 

W«  Hm  Occur 

X 

SPILL  OR  LEAK  PROCEDURES 

STEPS  TO  BE  TAKEN  M  CASE  MATERtAL  IS  REUASEO  ON  SPILICO 

Evacuate  all  personnel  from  affected  area.  Use  appropriate  protective  equipment. 
If  leak  is  in  user's  equipment,  be  certain  to  purge  piping  with  an  inert  gas  prior 
to  attempting  repairs.  If  leak  is  in  container  or  container  valve,  contact  the 
closest  Liquid  Air  Corporation  location. 


WASTE  DISPOSAL  MCTMOO 

not  attempt  to  dispose  of  waste  or  unused  quantities.  Return  in  the  shipping 
v.untainer  properly  labeled,  with  any  valve  outlet  plugs  or  caps  secured  and  vaWe 
protection  cap  in  place  to  Liquid  Air  Corporation  for  proper  disposal,  ror 
emergency  disposal,  contact  the  closest  Liquid  Air  Corporation  location. 


EMERGENCY  RESPONSE  INFORMATION 

IN  CASE  OF  EMERGENCY  INVOLVING  THIS  MATERIAL.  CALL  DAY  OR  NIGHT  (800)  231-1366 

OP  OAI  I  /'VIPMTPP/'  AT  /Bnn»  A'yA.amn 


.  OUT  f«oTecno<j  (Spm«v  tT»«» 

jthinq  apparatus  should  be  availahTp  fnr 


SPECtAL  PROTECTION  INFORMATION _ 

Positive  pressjre  air  line  with  mask  or  self-contained 
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LOCAL exMAusT  To  preveot  accumulation 
above  the  LEL. 


UlSi, 


^/fTILATION 

(Hood  with  forced 
entilation 


MECHANICAL  (OmJ 


SPECUL 


OTHEN 


_ In  accordance  with  electrical  codes. 

PNOTECTIve  OLOVEE 

Plastic  or  rubber _ 

EYE  PROTECnON  ^  ^ 

Safety  googles  or  glasses _ _ _ 

OTHER  PROTECTIVE  EOUIPMENT 

Safety  shoes,  safety  shower _ 


SPECIAL  PRECAUTIONS* 

SPECUL  LASEUNO  INFORMATION 

DOT  Shipping  Name:  Hydrogen  or  Hydrogren,  compressed  I-O.  No.:  UN  1049 

DOT  Shipping  Label:  Flammable  Gas _ DOT  Hazard  Class:  Flanmable  Gas _ 

SPEOAL  HANOUNO  RECOMMENOATION9 

Use  only  in  well -ventilated  areas.  Valve  protection  caps  must  remain  in  place  unless 
container  is  secured  with  valve  outlet  piped  to  use  point.  Do  not  drag,  slide  or 
roll  cylinders.  Use  a  suitable  hand  truck  for  cylinder  movement.  Use  a  pressure 
reducing  regulator  when  connecting  cylinder  to  lower  pressure  {<3,000  psig)  piping  or 
systems.  Do  not  heat  cylinder  by  any  means  to  increase  the  discharge  rate  of 
product  from  the  cylinder.  Use  a  check  valve  or  trap  in  the  discharge  line  to  prevent 
hazardous  back  flow  into  the  cylinder. 


For  additianal  nandling  racomRMftdaaona  conauit  L'Air  Liquida'a  EncvclODadia  da  Gaz  or  Ccmpreaaed  Gas  AssociaAon  Pamoniei  P-' 
SPEOAL  STORACS  RECOMMCNOAnONS 

otect  cylinders  from  physical  damage.  Store  in  cool,  dry,  well -ventilated  area  of 
non-combustible  construction  away  from  heavily  trafficked  areas  and  emergency  exits. 
Do  not  allow  the  temperature  where  cylinders  are  stored  to  exceed  130F  (54C). 
Cylinder's  should  be  stored  upright  and  firmly  secured  to  prevent  falling  or  being 
•knocked  over.  Full  and  empty  cylinder's  should  be  segregated.  Use  a  "first  in-first 
out"  inventory  system  to  prevent  full  cylinder's  being  stored  for  excessive  periods 
of  time.  Post  "No  Smoking  or  Open  Flames"  signs  in  the  storage  or  use  area.  There 
should  be  no  sources  of  ignition  in  the  storage  or  use  area. 

Par  abditfonNl  sorag*  racomfnvnddEans  eonaulC  L'Air  Uquidd'a  EncvdooNdia  d«  Gaz  or  Comprasaad  Gas  Assocaoon  Pamonwi  P>i 
SPEOAL  PACXAOINQ  RECQMMENOATIONS  ~ 

Hydrogen  is  noncorrosive  and  may  be  used  with  any  common  structural  material . 


OTHER  RECOMttCNOAnONR  OR  PRECAUTTONa 

Earth-ground  and  bond  all  lines  and  equipment  associated  with  the  hydrogen  system. 
Electrical  equipment  should  be  non-sparking  or  explosion  proof.  Compressed  gas 
cylinders  should  not  be  refilled  except  by  qualified  producers  of  compressed  gases. 
Shipment  of  a  compressed  gas  cylinder  which  has  not  been  filled  by  the  owner  or  with 
i  (written)  consent  is  a  violation  of  Federal  Law  (49CFR). 


•Q9nei«(i  (i  •.  Qtoaiiwt  oi  OceuotMMi  Mia  HoMOi  and  Qrud  and 

icmciAc  fddtAddoavd  eencMni«%d  m#  tranaeovtidoa.  naadiifig.  tidf aga  or  uaa  di  4Ha  OfOduet  (doa  ne«  da  conisM^ad  ^«vam  Tha  cu»io<*i^  9  ot  of oeuci  snouic 


LIQUID  AIR  CORPORATION 

INDUSTRIAL  OASES  DIVISION 


ADDITIONAL  UATA 

UNUSUAL  FIRE  AND  EXPLOSION  HAZARDS;  (Continued) 

explosion  hazard,  particularly  in  the  upper  portions  of  buildings  or  sheds  where  the 
gas  might  "collect". 


g)  BYRNE  SPECIALTY  GASES 


Specialty  Gas 
Material  Safety 
Data  Sheet 


M. 


Bvrn*  Seaoaltv  OaM*.  inc.  I 

St4  S.  niv*r  StrMt  I 

4mninqion  M10S  (206)  764-4633  I 
I  PRODUCT  NAMf 


EMERGENCY  PHONE 

(800)  S33-t374:  IN  PENNSYLVANIA (800)  323-0092 


AIR  PRODUCTS  AND  CHEMICALS.  INC. 

TRADE  NAME  AND  SYNONYMS 

■OX  US 

Isobutylene 

ALLENTOWN.  PA  18109 

CHEMICAL  NAME  AND  SYNONYMS 

(219)388-8297 

Isobutylene,  Isobutene, 

2-Methyl prooene 

ISSUE  DATE  ,  ,-,0 

AND  REVISIONS  ‘  June  1978 

FORMULA  /  .  X  . 

(iSO)  C^Hg 

CHEMICAL  FAMILY 

Al i phati c  Hydrocarbon 

HEALTH  HAZARD  DATA 

TIME  WEICMTEO  AVERAGE  EXPOSURE  UMfT 

_  Nontoxic  but  may  act  as  a  simple  asphyxiant. 


SYMPTOMS  OF  EXPOSURE 

Symptoms  of  exposure  to  isobutylene  depending  on  concentration  and  duration  of  expo¬ 
sure,  may  include  rapid  respiration,  air  hunger,  incoordination,  fatigue,  nausea, 
vomiting,  convulsions,  loss  of  consciousness,  and  death.  Contact  of  liquid  isobu¬ 
tylene  with  the  skin  may  cause  frostbite.  Symptoms  of  frostbite  are  skin  color 
change  to  gray  or  white,  cold  feeling  and  numbness. 


rOXICOLOGlCAl.  PROPERTIES 

Isobutylene  acts  as  a  simple  asphyxiant  through  the  exclusion  of  oxygen  from  breath¬ 
ing  atmospheres.  Anesthetic  properties  may  be  evident  at  very  high  concentrations. 
There  exists  an  immediate  fire  and  explosion  hazard  when  the  concentration  of  iso¬ 
butylene  in  the  atmosphere  exceeds  the  lower  flammable  limit  (1.31  byvolume). 


RECOMMENOCO  FIRST  AlO  TREATMENT 

RESCUE  PERSONNEL  SHOULD  AVOID  UNNECESSARY  EXPOSURE.  SELF-CONTAINED  BREATHING  APPA¬ 
RATUS  MAY  BE  REQUIRED. 

Inhalation:  Extreme  hazard  of  fire  or  explosion  may  result  from  static  electrical' 
discharge  or  other  ignition  sources.  Do  not  enter  explosive  atmospheres  except  i« 
clearly  life  saving  situations.  Move  the  affected  person  to  an  uncontaminated  at¬ 
mosphere.  If  breathing  has  stopped  or  is  labored,  give  artificial  respiration  (e.g. 
mouth- to-mouth ) .  Supplemental  oxygen  should  be  administered.  Keep  victim  warm  and 
quiet.  Seek  medical  assistance  promptly. 

Skin  Contact:  In  the  event  of  freezing  of  the  skin,  frozen  tissues  should  be  flooded 
_ _  (Continued  on  last  oaae) 
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PHYSICAL  DATA 


BOILING  POINT 


(-6.9*0 


SOLUBILITY  IN  WATER  FREEZING  POINT 

Insoluble  -220. 7*F  (-140.4*0 


APPEARANCE ANo oooR  Colorlcss  gas  with  a  sweet,  gasoline-like  odor. 

Isobutylene  is  stored  as  a  liouid  under  its  own  vaoor  oressure. 


FIRE  AND  EXPLOSION  HAZARD  DATA 


FLAMMABLE  LIMITS  %  BY  VOLUME 
L£L  18  UEL 


AUTO  IGNITION  TEMPERATURE 

869*F  (465*C 


FLASH  POINT(M«tiiad  umO) 

Gas 


EXTINGUISHING  MEDIA 

Carbon  dioxide  or  dry  chemical  for  small  fires 


SPECIAU  FIRE  FIGHTING  PROCEDURES 

Stop  flow  of  gas.  Keep  fire-exposed  containers  cool  with  water  spray  f7*om  a  dis¬ 
tance.  Allow  the  fire  to  burn  itself  out. 


'NUSUAL  FIRE  ANO  EXPLOSION  HAZARDS 


Flashback  along  vapor  trail  may  occur.  Vapor  may  explode  if  ignited  in  an  enclosed 
area. 


REACTIVITY  DATA 


STABILITY 

Unaiaoi* 

CONDITIONS  TO  AVOID 

Sources  of  heat  and  ignition 

Slaai* 

X 

INCOMPATIBIUTY(M...n..,«i.,«-|  OXidiZBrS 

HAZARDOUS  DECOMPOSITION  PRODUCTS 

None 

HAZARDOUS  POLY 
May  Oceu# 

UERIZATION 

CONDITIONS  TO  AVOID 

WIH  Noi  Occur 

X 

_ SPILL  OR  LEAK  PROCEDURES 

STEPS  TO  BE  taken  IN  CASE  MATERIAL  IS  RELEASED  OR  SPILLED 


Eliminate  all  sources  of  ignition.  Detect  leaks  with  a  soap  watjr  solution,  never 
use  a  flame.  Ventilate  enclosed  areas. 


^ASTE  DISPOSAL  MCTHOO 

Do  not  attempt  to  dispose  of  waste  or  surplus  isobutylene.  Return  all  unused  quan¬ 
tities  to  Air  Products  and  Chemicals,  Inc.  for  proper  disposal. 


SPECIAL  PROTECTION  INFORMATION 


respiratory  protection  Positive  pressure  self-contained  breacning  apparatus 

should  be  available  for  emergency  use. 

VENTILATION 

LOCAL  EXHAUST 

SPECIAL 

MECHANICAL  (C«n.) 

X 

OTHER 

PROTECTIVE  GLOVES 

Rubber 

EYE  PROTECTION 

Safety  goggles  or  glasses 

OTHER  PROTECTIVE  CQUiPMENT 

Safety  showers,  eyebath 

SPECIAL  PRECAUTIONS* 

SPECIAL  LABEUNG  INFORMATION 

0.0. T.  Red  Label,  "Flairmable  Qas“ 

SPCCUk  HANOUNG  HECOMMENOATIONS 

Use  only  in  a  well -ventilated  area.  Never  drop  cylinders  or  allow  them  to  strike 
each  other  violently.  Avoid  dragging  or  sliding  cylinders,  even  for  short  distances. 
They  should  be  moved  by  a.  suitable  hand  truck.  Keep  the  valve  protection  cap  in 
place  until  cylinder  is  secured  and  ready  for  use.  Always  insert  a  trap  or  check- 
valve  in  the  line  to  prevent  hazardous  back-flow  into  the  cylinder.  Use  a  pressure- 
reducing  regulator  when  connecting  to  lower  pressure  piping  systems.  Never  use  a 
flame  to  detect  leaks,  use  a  soap  water  solution. 

For  additional  handling  recommenda cions  consult  the  Air  Products  Specialty  Gas  Cata¬ 
log  Safety  and  Technical  Information  Section  or  Compressed  Gas  Association  Pamphlet 

P-l . _ 

SPECUL  STOAAGE  RECOMMENOATIONS 

Protect  against  physical  damage.  Store  cylinders  in  a  cool,  dry,  well-ventilated 
area  of  noncombustible  construction.  Protect  cylinders  from  excessive  temoerature 
rise  by  storing  away  from  sources  of  heat.  No  part  of  a  cylinder  should  be  subject¬ 
ed  to  a  temperature  above  125*F  (52®C).  Store  cylinders  in  an  upright  position  and 
firmly  secured.  Segregate  full  and  empty  cylinders.  Isolate  from  oxidizing  mate¬ 
rials. 

For  additional  storage  recommendations  consult  the  Air  Products  Specialty  Gas  Cata¬ 
log  Safety  and  Technical  Information  Section  or  Compressed  Gas  Association  Pampnlet 
P-l . 

SPECIAL  PACKAGING  PECOMMENOATIONS 


Isobutylene  is  noncorrosive  to  coitmon  structural  materials.  Systems  emoloying  iso 
butylene  must  be  designed  Co  handle  the  pressures  involved. 


OTHER  RECOMMENOATIONS  OR  PRECAUTIONS 

Ground  and  bond  all  lines  and  equipment.  Oo  not  use  around  sparking  motort  or  other 
nonexp I os ion-proof  equipment.  Vapor  is  heavier  than  air  and  may  collect  in  low 

areas. 


4M  . mum,  )|10» 

i21l» 


HEALTH  HAZARD  DATA 

RECOMMENDED  FIRST  AID  TREATMENT  (Continued) 

or  soaked  with  tepid  Water  (105— n5*F,  41— 46*0.  DO  NOT  USE  HOT  WATER.  If 
freezing  is  superficial  and  to  minor  extent,  medical  assistance  may  not  be 
necessary;  however,  all  other  cases  should  be  referred  to  a  physician. 


0 


y 


LIQUID  AIR  CORPORATION 

ALPHACAZ  DIVISION 


ALPHAGAZ 


Specialty  Gas 


LIQUID  AIR  CORPORATION 

OKiSiOM 

On*  CAlitorr.ia  Plaza.  Suit*  350 
2121  N.  California  SIvO. 
Walnut  Cr*ek.  California  94S96 


Material  Safety  Data  Sheet 


PRODUCT  NAME 

_3BSI^ _ 

TELEPHONE  (415)  977-6500 

EMERGENCY  RESPONSE  INFORMATION  ON  PACE  2 


TRADE  NAME  AND  SYNONYMS 

Methane 


chemical  NAME  AND  SYNONYMS  Methane, 

Methyl  Hydride,  Marsh  Gas 


CAS  NUMBER 

74-82-8 


ISSUE  DATE 


OCTOBER  1.  198S 


AND  REVISIONS  CORPORATE  SAFETY  DEPT. 


CHEMICAL  FAMILY 


Aliphatic  HydrocarPon 


HEALTH  HAZARD  DATA 


TIME  WEIGHTED  AVERAGE  EXPOSURE  LIMIT  MetMane  IS  Penned  as  a  simple  asonyxiant.  Oxygen  leveis 
should  be  maintained  at  greater  than  18  molar  percent  at  normal  atmospheric  pressure 
which  is  eouivalent  to  a  oartial  oressure  of  135  mm  Ho.  (ACGIH.  1984-35) 


SYMPTOMS  OF  EXPOSURE 

Inhalation:  High  concentrations  of  methane  so  as  to  exclude  an  adequate  supply  of 
oxygen  to  the  lungs  causes  dizziness,  deeper  breathing  due  to  air  hunger,  possible 
nausea  and  eventual  unconsciousness. 

Skin  Contact;  Contact  with  cryogenic  liquid  methane  causes  cryogenic  "burns"  or 
frostbite  of  dermal  tissue. 


TOXICOLOGICAL  PROPERTIES 

Methane  is  inactive  biologically  and  essentially  nontoxic;  therefore,  the  major 
property  is  the  exclusion  of  an  adequate  supply  of  oxygen  to  the  lungs. 

Frostbite  effects  are  a  change  in  color  of  the  skin  to  gray  or  white  possibly  followed 
by  blistering. 

Listed  as  Carcinogen  National  Toxicology  Yes  □  I.A.R.C.  Yes  □  OSHA  Yes  _ 

or  Potential  Carcinogen  Program  No  iEl  Monographs  No  2SJ  No 


RECOfAMENOEO  FIRST  AID  TREATMENT  | 

PROMPT  MEDICAL  ATTENTION  IS  , MANDATORY  IN  ALL  CASES  OF  0VERE:<P0SURE  TO  METHANE. 

RESCUE  PERSONNEL  SHOULD  BE  EQUIPPED  WITH  SELF-CONTAINED  BREATHING  APPARATUS  AND  BE 
COGNIZANT  OF  EXTREME  FIRE  AND  EXPLOSION  HAZARD. 

Inhalation:  Conscious  persons  should  be  assisted  to  an  uncontaminated  area  ana 
inhale  fresh  air.  Quick  removal  from  the  contaminated  area  is  most  imcortant. 
Unconscious  persons  should  be  moved  to  an  uncontaminated  area,  given  mouth- co-mouth 
resuscitation  and  supplemental  oxygen.  Medical  assistance  should  be  sought  immeaiateiy .■ 

Dermal  Contact  or  Frostbite:  Remove  contaminated  clothing  and  flush  affectea  areas  | 
with  lukewarm  water.  00  NOT  USE  HOT  WATER.  (Continuea  on  last  aace.,'  j 
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hazahoous  mixtures  of  other  uquios.  souos.  or  gases 

Forms  explosive  or  flammable  mixtures  with  most  oxidizers  (oxygen,  chlorine 
fluorine,  etc. ) 

Is  flammable  over  a  wide  range  in  air. 


PHYSICAL  DATA 


aOlUNC  POINT 

-258.74°F  (-161.52“C) 

UQUID  DENSITY  AT  80IUNC  POINT 

26.383  Ib/ft^  (422.52  kg/m-l 

VAPOR  PRESSURE  70° F  (21.1‘^C)  .Above  the 
critical  temoerature  of  -116!7®F  (-82.62'’C) 

GAS  DENSITY  AT  TO’F  T  aim  | 

.041  Ib/ft^  (.557  ko/m^i  i 

SOLUBIUTY  IN  WATER  @  68°  F  (20°C) 

Bunsen  Coefficient  =  .035 

FREEZING  POINT 

-296.45»F  (-ia2.47°C)  ■ 

appwrance  AND  ODOR  .  SpccifiC  gravity  1370°F  (Air  =  1.3) 

Colorless,  odoness  gas,  liquid  is  water  white.  ,5  55,  1 

FIRE  AND  EXPLOSION  HAZARD  DATA 


FLASH  POINT  (METHOD  USED)- 306  °F 

(-188°C)  Closed  Cup 

auto  IGNITION  TEMPERATURE 

1076°F  (58Q°C1 

FLAMMABLE  UMITS  S  BY  VOLUME 

i£l=5 _ lJFL=i5 

extinguishing  media 

'.Jater,  carbon  dioxide,  drv  chemical 

ELECTRICAL  CLASSIFICATION 

_ Clasi  1 ■  Sroup  h  * 

SPECUL  FIRE  FIGHTING  PROCEDURES 

If  possible,  stop  the  flow  of  methane.  Use  water 
containers . 

spray  to  cool  surrounding 

UNUSUAL  FIRE  AND  EXPLOSION  HAZARDS  j 

Should  flame  be  extinguished  and  flow  of  gas  continue,  increase  ventilation  to  I 

prevent  flammable  or  explosible  mixture  formation.  | 

REACTIVITY  DATA 


STABIUTY 

Umiaela 

CONOmONS  TO  AVOID 

SUM* 

X 

iNCOMPATiaiUTY  (MaUnaH  M  not*)  | 

Oxidizers  ! 

hazardous  DECOMPOSITION  PRODUCTS  | 

Mone  ! 

HAZARDOUS  POLYI 
May  Occur 

•ERIZATION 

CONOmONS  TO  AVOID 

WM  Nor  Occur 

X 

SPILL  OR  LEAK  PROCEDURES 

STEFS  TO  ae  TAKEN  IN  CASE  MATERIAL  IS  RELEASED  OR  SRIU.EO 

Evacuate  ail  personnel  from  affected  area.  Use  approoropriate  protective  eouioment. 
If  leak  is  in  user's  equipment,  be  certain  to  purge  piping  with  an  inert  gas  cnor 
to  attemoting  repairs.  If  leak  is  in  container  or  container  valve,  contact  tne 
closest  Liquid  Air  Corporation  location. 


'ASTE  disposal  MCTWOO 

Oo  not  attemot  to  disoose  of  waste  or  unused  quantities.  Return  in  the  snipoing 
container  properly  laoeled,  with  anv  valve  outlet  oluos  or  caps  secured  and  /aive 
protection  cap  in  place  to  Liquid  Air  Corporation  for  proper  disposal.  For  emergency, 
disposal,  contact  the  closest  Liquid  Air  Corporation  location. 


EMERGE.NCY  RESPONSE  INFORMATION 

IN  CASE  OF  EMERGENCY  INVOLVING  THIS  MATERIAL.  CALL  DAY  OR  NIGHT  (800)  231-1366 

OR  CALL  CHEMTREC  AT  (800)  424-9300 


SPECIAL  PROTECTION  INFORMATION 

Page 

RESPIRATORY  PROTECTION  {Stweify  lypai  FositivB  oressure  3ir  line  wit.M  masK 
breathino  apparatus  should  be  available  for  emeraencv  use. 

or  self-contained 

VENTILATION 

LOCAL  EXHAUST  "q  prcvent  accumulation 

SPECUL 

Hood  with  forced 
ventilation 

above  the  LEL. 

MECHANICAL  (Gan.) 

In  accordance  with  electr-^cal  codes. _ 

OTHER 

- 

^woTccnve  gloves 
Plastic  or  rubber 


EYE  PSOTECnON 

Safety  aocGles  ar  glasses _ 

OTHER  PROTECTIVE  EQUIPMENT 

Safety  shoes,  safety  shower,  eyewash  "fountain” _ 

SPECIAL  PRECAUTIONS* 

specul uvbeung information  i iNo te ;  i-or  cryogenic  liquia  fnetnane,  see  last  cage.; 

DOT  Shipping  Name:  Methane  DOT  Hazard  Class:  Flammable  Gas 

DOT  Shipping  Label:  Flammable  Gas  ID  No. :  UN  1971 _ 

special  hanoung  recomaiencattcns 

Use  only  in  wel  1 -venti lated  areas.  Valve  protection  caps  must  remain  in  place  unless 
container  is  secured  with  valve  outlet  piped  to  use  point.  Do  not  drag,  slice  or 
roll  cylinders.  Use  a  suitable  hand  truck  for  cylinder  movement.  Use  a  pressure 
reducing  regulator  when  connecting  cylinder  to  lower  pressure  (<3,C00  psig)  piping 
or  systems.  Do  not  heat  cylinder  by  any  means  to  increase  the  discharge  rate  of 
product  from  the  cylinder.  Use  a  check  valve  or  trap  in  the  discharge  line  to  prevent 
hazardous  back  flow  into  the  cylinder. 


For  adCilional  hanaimg  recommenaations  consult  L'Air  Liquid*  s  Hncyclooedia  oe  Gaz  or  Comoressed  Gas  Assocanon  Pamsniet  P-i 


specul  storage  recommendations 


Protect  cylinders  from  physical  damage.  Store  in  cool,  dry,  well-ventilated  area  of 
non-combustible  construction  away  from  heavily  trafficked  areas  and  emergency  e.xits. 
Do  not  allow  the  temperature  where  cylinders  are  stored  to  exceed  I3CF  (5^0). 
Cylinders  snould  be  stored  upright  and  firmly  secured  to  prevent  failing  or  peing 
knocked  over.  Full  and  empty  cylinders  should  be  segregated.  Use  a  '"^irst  :n-*'irst 
out"  inventory  system  to  prevent  full  cylinders  being  stored  for  excessive  Periocs 
of  time.  Post  "No  Smoking  or  Open  Flames"  signs  in  the  storage  or  use  area,  "here 
should  be  no  sources  of  ignition  in  the  storage  or  use  area. 


For  additional  storage  fecommenoationa  consult  L'Air  Uquido's  encyclooeaia  oe  Gaz  or  Comoressed  Gas  Associaoon  Famoniet  P-’ 
SPECUL  PACKAGING  RECOMMENDATIONS 

Methane  is  noncorrosive  and  may  be  used  with  any  common  structural  mater-iai. 


OTHER  AECOMMENOATIONS  OR  PRECAUTIONS 

Earth-ground  and  bond  all  lines  and  ecuinment  associated  with  the  methane  system. 
Electrical  aouicment  snould  be  hon-soar;<ing  or  e.xplosion  proof.  Compressed  :as 
cylinders  snould  not  be  refilled  except  py  pualified  producers  of  ocmoressec  gases. 
Shipment  of  a  compressed  gas  cylinder  ^mch  has  not  oeen  filled  Py  me  zv/ne'"  or  .nth 
his  (wncten)  consent  is  a  violation  of  -ederal  Law  (dGCFR). 
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LIQUID  AIR  CORPORATION 

ALPHACAZ  DIVISION 


AOOmONAL  DATA 

RECOMMENDED  FIRST  AID  TREATMENT:  (Continued) 

A  physician  should  see  the  patient  promptly  if  the  cryogenic  "burn"  has  resulted  in 
blisterning  of  the  dermal  surface  or  deep  tissue  freezing. 


SPECIAL  LABELING  INFORMATION:  (Continued) 

For  cryogenic  liquid  methane: 

DOT  Shipping  Name:  Methane,  refrigerated  liquid 
DOT  Shipping  Label:  Flammable  gas 
DOT  Hazard  Class:  Flammable  gas 

1,0.  No.:  UN  1972 


i 
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f  Material  Safety  Data  Sheet 
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emergency teieonone no.  3i2/971*360Q  LAmerican  Scientific  Products) 

cnenitrec  :tteonone  no.  aQQ/a24-9'^QQ _ 

mformaocn taeonone no.  616/726-3171 _ (American  Burdick  S  Jackson) 

I.  identification 

aiemical  name _  _ .molecular  weiqnt  32.04 

cftemicai  family _ Alcohol _ .‘ormuia _ C  H/^O 

synonyms _ Carbinol.  Methyl  Alcohol.  Wood  Alcohol _ 

DOT orooer  sniooing  name  Methyl  Alcohol  or  Methanol _ 

OOT hazard  class _ Flammable  Liquid _ 


MATERIAL  SAFETY 
DATA  SHEET 

METHANOL 


OOT  idenoficanon  no 


IN1230 


11.  Pliysicai  and  Chemical  Data . 

aoiling  soinr.  'SOmm  Hg.  64.7°C 
vaDor oressure at 20' C  97  mm  Hq 
*•  volatiles  oy  volume  ca  1 00 

nazardous  polymerization _ 

aooearance  and  odor _ 

conditions  to  avoid _ 


materials  to  avoid . 


nazardous  decomoosiiion  orooucts . 


.CAS nn  67-56-1 


-97.7°C 


_  freezing  point _ _ evaporation  rate  '  BuAc-  i )  ca  5 

_  vaoor  density  (air  =  i)  '  *  ^  ^ _ soiuoiliiy  m  water  3  20°C  complete 

_  specific  gravity  (H,0  =  i)  3  20°C  0..  92  atapuity _ ^^^ble _ 

Not  expected  to  occur. _ 

A  clear,  colorless  liciuid  with  a  slight  alcoholic  odor. _ 

Heat,  sparks,  ooen  flame,  ooen  containers,  and  poor  ventilation. 


Strong  oxidizing  agents  and  reactive  metals  whicn  will  displace 
hydrogen 


Incgmolete  combustion  can  qi 
vaoors  such  as  formaldehyde. 


3n  monoxide  and  other  toxic 


111.  Fire  and  Expiosion  Hazard  Data 

ftasn  pomt.  (test  meinooi _ ! 

flammaole  limits  m  air  %  Py  volume:  lower  limit  $ 
unusual  fire  and  exotosion  riazaros _ J 


ixtinguisning  media . 


specai  fire  fignnng  procedures . 


I2**C  (Tag  closed  cud) _ auto  ignition  temoerature  385^C _ 

1 6.Q  upper  limit  36,5 _ 

May  burn  with  an  invisible  flame.  Mixtures  with  water  as  fow  as  21?4 
by  volume  are  still  flammable  (flash  ooint  below  37.3‘’C).  Under  some 


circumstances  can  corrode  certain  metals,  including  aluminum  and 


zinc,  and  generate  hydrogen  gas. 


Carbon  dioxide,  drv  chemical,  alcohol  foam,  water  mist  or  fo 


Wear  full  protective  clothing  and  self-contained  breathing  apparatus. 
Heat  will  build  oressure  and  may  ruoture  closed  storage  containers. 


Keep  fire-exoosed  containers  cool  with  water  soray. 


!¥.  Hazardous  Componetits . 

Methanol 


ca  100  200  opm 


2AS  no. 


67-56- 1 
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Health  Hazards. 


Occupational  Exoosurt»  Limits 


OSHA 

8-hour  PEL 

200  ppm 

Ceiling 

not  listed 

Peak 

not  listed 

ACCIH 

TLV-TWA 

200  ppm 

TLV-STEL  - 

250  ppm 

(1 5-min) 

NIOSH 

TLV-TWA 

- 

200  ppm 

TLV-C 

- 

800  ppm 

Concentration  Immediately  Dangerous 
to  Health 


OSHA/NIOSH  25,000  ppm 


NSC  S  OHS  to  ppm 

NIOSH  2000  ppm 


Carcinogenic.  Mutaoenic.  Teratogenic  Data 
Positive  mutagen  (RTEC) 


Primary  Routes  of  Entry 

Methanol  may  exert  its  effects  through  inhalation,  skin  absorption,  and  ingestion. 
iDduatrial  £;<0QSUre:  Route  of  Exposure/Slons  and  Symptoms 


Inhalation: 


Eye  Contact: 


Skin  Contact: 


Ingestion: 


Exposure  can  cause  drowsiness  and  intoxication,  headache,  visual 
disturbance  leading  to  blindness,  coughing  and  shortness  of  breath, 
collapse  and  death  at  high  concentrations. 

Liquid  can  cause  moderate  burning,  watering,  swelling,  and  redness; 
high  vapor  concentration  (greater  than  2000  ppm)  may  cause  same 
symptoms. 

This  substance  may  be  absorbed  through  intact  skin  and  produce 
toxic  effects.  Extensive,  repeated  and/or  prolonged  skin  contact 
can  cause  burning,  itching,  redness,  or  blisters. 

Causes  burning  of  the  gastrointestinal  tract  and  toxic  effects. 
Swallowing  more  than  2  ounces  of  methanol  can  cause  death. 


Effects  of  Overexposure 


Mild  poisoning  is  characterized  by  fatigue,  nausea,  headache,  and  delayed  visual 
blurring.  Moderate  intoxication  results  in  severe  depression.  Temporary  or  permanent 
blindness  may  follow  in  2-6  days.  In  severe  poisoning,  symptoms  progress  to  rapid, 
shallow  respiration,  cyanosis,  coma,  hypotension,  dilated  pupils,  and  visual  disturbance. 
Death  may  result  from  respiratory  failure. 

Medical  Condition  Aggravated  bv  Exposure 

Preclude  from  exposure  those  individuals  with  diseases  of  eyes,  liver,  kidneys,  and 
lungs. 


Inhalation: 


Eye  Contact: 


Skin  Contact: 


Ingestion: 


Immediately  remove  to  fresh  air.  If  not  breathing,  administer 
mouth-to-mouth  rescue  breathing.  If  there  is  no  pulse  administer 
cardiopulmonary  resuscitation  (CPR).  Contact  physician 
immediately. 

Rinse  with  copious  amounts  of  water  for  at  least  15  minutes.  Get 
emergency  medical  assistance. 

Flush  thoroughly  for  at  least  15  minutes.  Wash  affected  skin 
with  soap  and  water.  Remove  contaminated  clothing  and  shoes. 
Wash  clothing  before  re-use.  and  discard  contaminated  shoes. 
Get  emergency  medical  assistance. 

Call  local  Poison  Control  Center  for  assistance.  Contact  physician 
immediately.  Never  induce  vomiting  or  give  anything  by  mouth 
to  a  victim  unconscious  or. having  convulsions. 


Note  to  Physician 

In  case  of  ingestion  or  massive  inhalation,  observe  victim  as  an  inpatient  because 
slow  metabolism  causes  a  latent  period  of  2U  hours  between  exposure  and  acidosis 
and  blindness. 


Safety  Measures  and  Equipment 


Ventilation: 


Respiratory: 


Eyes: 


Skin: 


Adequate  ventilation  is  required  to  protect  personnel  from  exposure 
to  chemical  vapors  exceeding  the  PEL  and  to  minimize  fire  hazards. 
The  choice  of  ventilation  equipment,  either  local  or  general,  will 
depend  on  the  conditions  of  use,  quantity  of  material,  and  other 
operating  parameters. 

Use  approved  respirator  equipment.  Follow  NIOSH  and  equipment 
manufacturer's  recommendations  to  determine  appropriate 
equipment  (air-purifying,  air-supplied,  or  self-contained  breathing 
apparatus}. 

Safety  glasses  are  considered  minimum  protection.  Goggles  or 
face  shield  may  be  necessary  depending  on  quantity  of  material 
and  conditions  of  use. 

Protective  gloves  and  clothing  are  recommended.  The  choice 
of  material  must  be  based  on  chemical  resistance  and  other  user 
requirements.  Generally,  neoprene  or  rubber  offers  acceptable 
chemical  resistance.  Individuals  who  are  acutely  and  specifically 
sensitive  to  methanol  may  require  additional  protective  equipment. 


Storage:  Methanol  should  be  protected  from  temperature  extremes  and 

direct  sunlight.  Proper  storage  of  methanol  must  be  determined 
based  on  other  materials  stored  and  their  hazards  and  potential 
chemical  incompatibility.  In  general,  methanol  should  be  stored 
in  an  acceptably  protected  and  secure  flammable  liquid  storage 
room. 

Other:  Emergency  eye  wash  fountains  and  safety  showers  should  be 

available  in  the  vicinity  of  any  potential  exposure.  Ground  and 
bond  metal  containers  to  minimize  static  sparks. 

VII.  Spill  and  Disposal  Data 


Spill  Control:  Protect  from  ignition.  Wear  protective  clothing  and  use  approved 

respirator  equipment.  Absorb  spilled  material  in  an  absorbent 
recommended  for  solvent  spills  and  remove  to  a  safe  location 
for  disposal  by  approved .  methods.  If  released  to  the  environment, 
comply  with  all  regulatory  notification  requirements. 

Waste  Disposal:  Dispose  of  methanol  as  an  EPA  hazardous  waste.  Hazardous  waste 

numbers:  U154  (Ignitable):  0001  (Ignitable). 

Revision  Date:  1/85 


KEY 

ca  Approximately 
na  Not  applicable 
C  Ceiling 

PEL  Permissable  Exposure  Level 


STEL  Short  Term  Exposure  Level 

TLV  Threshold  Limit  Value 

TWA  Time  Weighted  Average 

BuAc  Sutyi  Acetate 


NSC  National  Safety  Council  ("Fundamentals  of  Industrial  Hygiene",  1983) 
OHS  Occupational  Health  Services  ("Hazardline") 


EM  SCIENCE 

111  Woodcrest  Road,  P.O.  Box  5018,  Chany  Hill,  N.J.  08034-0395,  Phone  (609)  354-9200 

MATERIAL  SAFETY  DATA  SHEET 


Eisantiallv  Similar  to  U  S.  Oaoartmani  of  Labor  Porm  OSHA-20 


SEaiON  1 


NAME  A  PRODUa 


Chemical  Name: 
Pentane 


Trade  Name  &  Synonyms: 


Formula: 


CAS  D109-66-0 


C5H12 


Catalog  Number: 
PX0166,  0167,  0170,  0175 
Chemical  Family: 

Hydrocarbon 

Formula  Weight: 

75,15 


SEaiON  2 


PHYSICAL  DATA 


Boiling  Point.  760  mm  Hg 
Melting  Point  l®C) 

Vaoor  Pressure  at  20  “K: 
Vaoor  Density  (air  =  II 
Percent  Volatiles  by  Volume 
SECTION  3 


36.1*C 
-129. 7-C 
426  mm  Hg 


Soecific  Gravity  (H2O  *  11 


0.626 


Solubility  in  H2O,  %  by  wt.  at  20®C  ’  Insoluble 

- — _ I _ 

Appearance  and  Odor  Clear  liquid 
gasoline  odor 

Evaporation  Rate  (Butyl  Acetate  «  <) 


FIRE  AND  EXPLOSION  HAZ.MIO  DAfA 


Flash  Point  (test  method)  -  57*F  (cc)  1  Flammable  Limits  Lei  1.52 


Uel  7.8X 


Extinguishing  Media  CO^,  dry  chemical,  foam 


Water  spray  to  cool  fire-exposed  containers 
Water  spray  to  disperse  vapors 


Special  Hazards  and  Procedures  Extremely  flaamuble 


Unusual  Fire  and  Explosion  Hazards 


SEaiON  4 


REAaiVITT  DATA 


Stable 


Unstable 


Conditions  to  Avoid 


Heat,  sparks,  open  flame 


Materials  to  Avoid 
I  I  Water 
I  I  Other  (specify) 


(  )  Acids 


(  I  Bases 


)  Corrosives 


I  Oxidizers 


Hazardous  Decomposition  Products  Emits  highly  toxic  gases  including  CC 


SEaiON  5 


SPIU  OR  LEAK  PROCEDURES  AND  DISPOSAL 


^  o  ^  Eliminate  ignition  sources.  Collect  spill 

Steps  to  be  Taken  m  Case  Material  is  Released  or  Spilled  vermiculite  or  ocher  absorbent _ 


to  be  performed  in  compliance  with  all  current 
waste  Disposal  Method  state  and  t  .deral  regulations _ 


Tilt  statimtntt  conuififS  htrtin  art  offt'td  for  infornialianti  puiQOits  only  and  art  inttndtd  to  bt  fodovitd  only  by  otnons  havinq  itiaiid  itdinicai  skills  ana  at  tbeii 
ovufl  discfttion  and  nik  Sinct  conditions  and  manntr  of  us#  art  outSKlt  out  control,  wo  makt  no  warrantits.  tsortss  or  imoiitO.  and  assum#  no  liability  in  connection 
with  any  usa  ol  ‘his  mlormation 


PX0166.  0167.  0170.  0175 


SEaiON  6  HEALTH  HAZARD  DATA 

Threshold  Limit  Value  qSHA  std-air:  TWA  1000  ppm  TXDS:  ihl-hmn  LCLo:  130,000  ppm 


Occupational  exposure  to  Alkanes  recm  std-air;  TWA  350  mg/m’ 

Effects  of  Overexposure  Irritating  to  eyes,  nose  and  skin,  causing  dermatitis. 

Highly  narcotic  at  high  concentrations.  Causes  drowsiness  and  chemical  pneumonia. 
Exposure  to  levels  of  5000  ppm  is  immediately  dangerous  to  life  and  health! 


First  Aid  Procedures 

Skin:  wash  with  soap/water;  get  medical  assistance  for  persistent  dermatitis 
Eyes:  flush  thoroughly  with  water;  get  medical  assistance 
Inhalation:  remove  to  fresh  air;  get  medical  assistance 
Ingestion:  get  medical  assistance 


SiaiON  7  SPECIAL  PROnaiON  INFORMATION 

Ventilation,  Respiratory  Protection.  Protective  Clothing.  Eye  Protection 

Provide  adequate  general  mechanical  and  local  exhaust  ventilation 

Protect  eyes  and  skin  with  safety  goggles  and  gloves 

Fill  in  hood  only 

Wear  protective  clothing 

Do  not  breathe  fumes;  do  not  get  in  eyes;  avoid  prolonged/ repeated  breathing  of  vapor 

SEaiON  I  SPECIAL  HANDLING  AND  STORING  PREaUTIONS 


Keep  container  tightly  closed 

Store  in  an  explosion-proof  refrigerator 

Keep  in  dry,  well-ventilated  areas  away  from  ignition  sources 
Wash  thoroughly  after  handling 

DOT  -  Flammable  Liquid 

SECTION  9  HAZARDOUS  INGREDIENTS 

Irefer  to  section  3  through  8) 


SEaiON  10  OTHER  INFORMATION 


KFPA  704:  14  0 

Health  Flammability  Reactivity 


CMCRGENCT  PHONE  NUMBER  |609|  *23-6300 
AUTH0RI2ED  SIGNATURE  _ /  c  — 


(Xn  iSUtO:  . 

ixrt  iiTista 


1/82 


10/83 


EMOOUta 


HEALTH  AND  SAFETY  SITE  MEETING 


We  the  undersigned  have  read  Section  8:  Health  and  Safety,  and  fully  understand 
contents  and  will  adhere  to  procedures  set  forth  in  this  document. 


Name 


Affiliation 


CVOR81/in  51-15 


SAFETY  AND  HEALTH  PLAN 
MCCLELLAN  AIR  FORCE  BASE 
PILOT  TEST  STUDY 
SACRAMENTO,  CA 


1.0  INTRODUCTION 

This  Safety  and  Health  plan  has  been  prepared  for  the 
implementation  of  remedial  actions  at  the  McClellan  Air  Force 
Base  in  Sacramento,  CA.  All  site  activities  will  be 
performed  under  the  direction  of  the  CH2M  Hill  McClellan  Air 
Force  Base  (McAFB)  Personnel.  Activities  covered  by  this 
Safety  and  Health  plan  include: 

*  installation  of  process  piping  and  vacu\im  extraction 
equipment 

*  operation  of  the  vacuum  extraction  equipment 

*  system  monitoring  and  optimization 

*  scheduled  sampling  activities 

1.1  SITE  DESCRIPTION 

Me  AFB  is  located  north  of  Sacramento,  CA.  Site  activities 
for  this  pilot  test  refer  to  Area  "S"  on  this  active  Air 
Force  Base.  Figure  1  is  an  area  map  of  the  McClellan  Hill 
Air  Force  Base.  Figure  2  is  a  site  plot  plan  disclosing  well 
locations  and  equipment  layout. 

2.0  ORGANIZATION 

Figure  3  details  th**  o-  lanizational  structure  of  Terra  Vac 
personnel  for  Pilot  1  ,.»t  Construction/Operation  Activities. 

A  brief  description  of  key  personnel  and  their 
responsibilities  follows: 

2 . 1  PROJECT  MANAGER 

The  Project  Manager,  Robert  A.  Dahl  ,  will  coordinate  all 
matters  relating  to  the  completion  of  this  project.  The 
Project  Manager  will  be  responsible  for: 

*  Ensuring  that  all  personnel  and  subcontractors 
understand  and  abide  by  the  provisions  of  the  5HP, 

*  Implementing  preventative  measures  that  eliminate  an 
unsafe  condition  from  occurring 

*  Enforcing  any  disciplinary  action  necessary  when 
unsafe  acts  or  practices  occur, 

*  Reviewing  and  approving  field  reports, 

*  Confirming  an  employee's  suitability  for  work  based 
on  the  physician's  reconvnendations , 
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*  Notifying  emergency  response  personnel  in  case  or 
emergencies  , 

*■  Serving  as  liaison  with  public  officials  and  medical 
personnel ,  and  implement 

*  Review  any  updates  and  changes  to  SSHP 

The  Project  Manager  has  the  authority  to  stop  work  at  the 
site  if  an  unsafe  condition  exists. 

2.2  QUALITY  ASSURANCE/QUALITY  CONTROL  OFFICER 

Ann  Marie  Dockstader  will  oversee  all  quality 
assurance/quality  control  activities  including  analytical 
chemistry  and  safety  and  health  activities.  Additionally, 
Ms.  Dockstader  will  be  responsible  for  inspecting 
housekeeping  procedures  in  conjunction  with  the  Safety  and 
Health  Officer  . 

2.3  FIELD  ENGINEER/FIELD  SUPERVISOR 

Michael  S.  Lynch  is  responsible  for  supervising  installation 
of  extraction  system,  and  operational  and  field  activities. 
If  Mr.  Lynch  is  unavailable,  another  duly  trained  individual 
will  be  appointed.  Mr.  Lynch  will  serve  as  CH2M  Hill  &  Air 
Force  personnel  contact  and  on-site  manager  during 
construction  operations. 


2.4  SAFETY  AND  HEALTH  OFFICER 

Timothy  M.  Warner,  will  serve  as  site  Safety  and  Health 
Officer  ( SHO )  during  this  project.  The  SHO’s 
responsibilities  include  but  are  not  limited  to  the 
following: 

*  Implementation  and  enforcement  of  the  Safety  and 
Health  Program, 

*■  Maintenance  of  safety  and  health  records  and 
preparation  of  reports, 

*  Conducting  safety  and  health  meetings, 

*  Controlling  site  access  and  work  zone  entry  and 
maintaining  site  security, 

*  Enforcing  safety  procedures,  including  the  buddy 
system , 

x:  Reporting  any  unsafe  acts  or  procedures  to  the 

Project  Manager  , 

*  Calibrating  and  maintaining  all  safety  and  health 
equipment , 

*  Determining  levels  of  personal  protective  equipment 
( PPE )  through  monitoring  of  the  breathing  zone  VOC 
concentrations , 

*•  Dispensing  PPE  and  ensuring  PPE  is  available  to  all 
employees  and  visitors, 

*  Periodic  inspection  of  individuals  PPE  for  proper  use 
and  for  prooer  maintenance. 
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*  Providing  the  proper  decontamination  and/or  disposal 
facilities  for  all  equipment  including  PPE, 

*  Monitoring  all  on-site  hazards  and  conditions 
including  possible  heat/cold  stress  situations, 

*  Serving  as  a  liaison  with  public  officials  and 
medical  personnel  and  notifying  the  proper  emergency 
response  personnel  in  the  case  of  any  emergency, 

*  Updating  and  changing  the  SSHP  as  necessary;  changes 
are  to  be  reviewed  by  the  project  manager 

The  SHO  has  the  authority  to  stop  work  at  the  site  if  an 
vinsafe  condition  exists  and  shall  report  to  the  Project 
Manager. 

If  Mr.  Warner  is  unavailable  to  be  at  the  site,  another  duly 
trained  individual  will  serve  in  this  capacity. 

2.5  TEAM  MEMBERS 


The  team  members  consist  of  all  personnel  involved  in  the 
project  who  will  be  allowed  on  the  site.  All  team  members 
will  be  responsible  for  vinders tending  and  complying  with  the 
site  safety  and  health  requirements.  One  member  of  the 
project  group  will  be  assigned  the  responsibility  of  cleaning 
and  maintaining  the  safety  and  health  equipment  and  the 
decontamination  area  each  day.  All  team  members  who  will 
work  at  the  site  on  a  particular  day  must  attend  the  brief 
daily  safety  meetings.  The  Monday  morning  meeting  will  also 
serve  as  a  more  comprehensive  weekly  meeting  and  will  include 
a  review  of  the  activities  of  the  previous  week.  This  weekly 
Safety  meeting  will  be  held  at  the  Terra  Vac  offices  if  site 
activity  is  not  planned  until  later  in  the  week. 

3.0  MEDICAL  MONITORING  AND  PERSONNEL  TRAINING  REQUIREMENTS 


Terra  Vac  has  established  a  medical  surveillance  program 
designed  to  monitor  and  reduce  health  risks  for  its  employees 
who  have  potential  to  be  exposed  to  hazardous  materials. 

This  program  is  based  on  the  Occupational  Safety  and  Health 
Administration  (OSHA)  requirements  under  the  U.S.  Department 
of  Labor  (29  CFR  1910.120).  The  medical  examinations  are 
administered  prior  to  employment  and  on  an  annual  basis.  The 
medical  examination  includes  the  following: 


A)  Occupational  History  Evaluation 

B)  Complete  Physical  Examination 

C)  Pulmonary  Function  Test  for  Respirator  Certification 

1)  Exhale  Force  Test 

2)  Exhale  Recovery  Test 

D)  Complete  Blood  Count 

E)  SMA  24  Multiplasic  Blood  Chemistry  (incl.  metals) 

F)  Urinalysis 

G)  Chest  X-ray  (biannual ly) 
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H)  Electrocardiogram  (6-12  electrode) 

I)  Vision  Test 

J)  Audiogram 

Each  employee  is  issued  a  certificate  to  certify  him  for 
respirator  use  upon  completion  of  all  requirements.  The  SHO 
will  keep  a  record  of  the  monitoring  results  of  all  employees 
and  subcontractors. 

All  Terra  Vac  activities  will  be  performed  in  accordance  to 
OSHA  Standards  and  with  properly  trained  employees  who  have 
passed  all  medical  requirements  of  29  CFR  1910.120.  In 
addition,  site  specific  training  prior  to  the  start-up  of  any 
activity  will  be  required  for  those  individuals  performing 
the  activity.  Training  will  address  any  potential  hazards 
and  associated  risks,  site  operating  procedures,  and 
emergency  response  procedures,  including  a  review  of  the  site 
SHP. 

The  SSO  will  monitor  the  breathing  zone  during  site 
activities  and  at  the  beginning  of  each  new  activity  to 
determine  which  level  of  PPE  is  needed.  Based  on  the 
established  action  levels,  the  SSO  shall  determine  if 
exposure  to  hazards  has  occurred  and  if  exposed,  take 
appropriate  action.  The  criteria  for  determining  exposure  to 
potential  hazards  can  be  found  in  Section  4.0,  On-site 
Hazards . 

Only  two  subcontractors  (a  licensed  electrician  and  a 
licensed  plumber)  will  be  used  during  this  project.  These 
subcontractors  will  not  be  required  to  comply  with  the  OSHA 
requirements  outlined  in  29  CFR  1910.120.  While  performing 
their  work,  electricians  and  plumbers  will  not  be  exposed  to 
hazardous  materials  and/or  chemicals  and  will  not  be  working 
within  the  exclusion  zone.  During  monitoring  of  the 
breathing  zone,  if  for  some  unforeseen  reason  the  action 
level  is  exceeded.  Terra  Vac  subcontractors  will  evacuate  the 
area  until  the  health  hazard  no  longer  exists. 

3.1  HEALTH  PHYSICIANS 

All  Terra  Vac  employees  from  the  Northern  California  region 
have  their  annual  physical  examinations  performed  by  board- 
certified  occupational  health  physicians  employed  by 
Readicare  located  at  7817  Oakport  Street  in  Oakland, 
California . 

3.2  TRAINED  PERSONNEL  IN  FIRST  AID/CPR 

Terra  Vac  employees  receive  first  aid/CPR  training  (Red  Cross 
or  its  equivalent)  during  Terra  Vac's  annual  in-house  safety 
and  health  training  sessions. 
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4.0  ON-SITE  HAZARDS 

4.1  CHEMICAL  HAZARDS 

The  primary  hazard  on-site  is  the  possible  release  of 
potentially  hazardous  levels  of  volatile  organic  compounds 
from  soils  as  the  result  of  soil  disturbance  activities. 

In  general,  the  soil  contaminants  have  been  shown  to  consist 
of  various  volatile  and  semi-volatile  organic  compounds.  A 
complete  list  of  expected  compounds  with  exposure  limits  is 
detailed  in  Table  1.  Any  activity  at  the  site  which  causes 
physical  disturbance  of  the  soil  could  possibly  allow  the 
release  of  contaminants  into  the  air,  such  an  occurrence  may 
be  recognized  by  noticeable  chemical  odors.  Common  symptoms 
of  overexposure  to  compounds  at  the  site  of  drowsiness, 
headache,  dizziness,  loss  of  coordination,  fatigue,  tremors 
or  irritation  of  the  eyes,  nose  or  throat.  Since  the  site  is 
covered  with  an  impermeable,  multi-layered  cap,  the 
contaminated  soil  is  not  expected  to  present  a  hazard  during 
operation  of  the  vacuum  extraction  system. 

The  site  SHO  will  have  available  on-site  toxicity  data  (i.e.. 
Material  Safety  Data  Sheets)  for  the  hazardous  materials 
identified  on  the  site.  Prior  to  the  start  of  site 
activities  covered  by  this  plan,  all  site  personnel  will  be 
briefed  as  to  the  nature  of  the  chemical  hazards  present  and 
will  review  the  SHP. 

4.2  PHYSICAL  HAZARDS 

Hazards  typically  encountered  at  construction  sites  will  be  a 
concern  at  this  site.  These  include  slippery  ground 
surfaces,  uneven  terrain,  holes/trenches,  and  operation  of 
heavy  equipment.  The  basic  safety  apparel  such  as  steel -toed 
shoes,  hard  hats,  and  safety  glasses  will  be  worn  during  all 
construction  activities  by  all  employees  involved. 

Venomous  snakes  and  spiders  may  be  found  at  this  site.  These 
cold-blooded  animals  are  likely  to  be  found  in  sunny 
locations  during  cold  weather.  During  warm  days  they  will 
most  likely  be  found  in  shadow.  Employees  will  be  advised  to 
take  precautions. 

4.3  ENVIRONMENTAL  HAZARDS 

Environmental  hazards  may  exist  at  the  project  site,  such  as 
exposure  to  heat,  cold,  wind,  rain,  and  lightning. 

To  avoid  the  possibility  of  heat  stress  the  following  work 
regime  has  been  established: 
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SUGGESTED  FREQUENCY  OF  REST  PERIODS 


Temperature* 
90® F  or  above 

87.5®-90®F 

82.5°-87.5®F 

77.5o-82.5oF 

72.5»-77.5«F 


Normal  Work  Ensembl e  Impermeable  Ensemble 


Break  after  each 
45  minutes  of  work 

Break  after  each 
60  minutes  of  work 

Break  after  each 
90  minutes  of  work 

Break  after  each 
120  minutes  of  work 

Break  after  each 
150  minutes  of  work 


Break  after  each 
15  minutes  of  work 

Break  after  each 
30  minutes  of  work 

Break  after  each 
60  minutes  of  work 

Break  after  each 
90  minutes  of  work 

Break  after  each 
120  minutes  of  work 


The  above  work/rest  regime  shall  be  used  along  with  pulse 
rate  monitoring.  The  pulse  rate  of  workers  will  be 
determined  at  the  beginning  of  each  rest  period.  If  pulse 
rates  are  above  110  beats  per  minute,  the  length  of  the  next 
work  period  shall  be  shortened  by  1/3. 


Although  the  possibility  of  injury  due  to  cold  stress  is 
unlikely,  if  the  ambient  temperature  falls  below  40®  F, 
workers  will  be  allowed  a  ten  minute  break  to  warm  themselves 
every  two  hours.  Appropriate  clothing  and  a  warm  shelter 
will  be  provided  for  rest  periods. 


When  weather  conditions  change,  the  Project  Manager  and  the 
SHO  will  be  responsible  for  determining  if  work  procedures 
can  be  performed  safely.  If  engineering  controls  are 
required  to  continue  work,  the  procedures  must  be  approved  by 
the  Quality  Assurance/Quality  Control  Officer. 


4.4  NOISE  STRESS 


Noise  is  defined  as  any  undesirable  sound.  Excessive  noise 
can  destroy  the  ability  to  hear  and  may  put  stress  on  other 
parts  of  the  body  including  the  heart.  Prevention  from 
excessive  exposure  is  the  only  way  to  avoid  the  health 
hazards  of  noise. 

Terra  Vac  will  provide  hearing  protection  to  employees  who: 

1.  Are  required  to  work  in  areas  containing  sound 
levels  of  between  85  -  90  decibels  or  higher  as 
determined  by  sound  level  monitoring  (dB  A). 

2.  Work  in  or  around  operating  vacuum  extraction  units. 

3.  Request  the  use  of  hearing  protection. 
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Each  employee  is  ultimately  responsible  to  have  available  and 
wear  the  hearing  protection  provided  to  them  in  all 
operating,  posted  areas  and  when  instructed  by  the  SHO  or 
their  supervisor.  Essentially,  employees  should  have  access 
to  their  hearing  protection  at  all  times  while  working  at  a 
job  site. 

Supervisors  will  identify  and  post  areas  where  hearing 
protection  is  required  based  on  sound  level  monitoring 
results.  In  addition,  supervisors  will  document  that  all 
personnel,  including  subcontractors,  have  been  informed  of 
the  specific  areas  which  require  hearing  protection  and 
ensure  that  personnel  have  access  to  hearing  protection.  The 
SHO  should  be  informed  of  problem  areas  and/or  consulted  for 
additional  information. 

Whenever  the  possibility  exists  of  an  employee  being  exposed 
to  potentially  loud  noises,  supervisors  must  either  require 
hearing  protection  or  measure  sound  levels  with 
instrximentation .  If  a  sound  level  indicator  is  used,  it 
will  be  calibrated  before  and  after  use,  and  all  information 
will  be  noted  in  the  project  safety  and  health  log  book. 

PERMISSIBLE  NOISE  EXPOSURES 

Section  (b)(1)  of  29  CFR  1910.95  outlines  the  following 
permissible  noise  exposure  limits  based  upon  an  eight  hour 
work  day: 

DURATION  PER  DAY  SOUND  LEVEL  dB  A 


HOURS 

SLOW  RESPONSE 

8,0 

85  and  above 

6.0 

92 

4.0 

95 

3.0 

97 

2.0 

100 

1.5 

102 

1.0 

105 

0.5 

110 

0.25  (or  less) 

115 

Note:  When  the  daily  noise  exposure  is  composed  of  two  or 

more  periods  of  noise  exposure  of  different  levels,  their 
combined  effect  should  be  considered,  rather  than  the 
individual  effect, 

5.0  WORK  ACTIVITIES 

5.1  PROCESS  PIPING  INSTALLATION 

The  eight  vacuum  extraction  wells  will  be  connected  to  the 
vacuum  extraction  equipment  via  process  piping.  Wells  will 
be  completed  above  grade  and  surrounded  by  a  security  fence. 
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Distribution  piping  servicing  the  wells  will  be  connected  to 
a  second  fenced  area  containing  the  process  equipment. 

5.2  VACUUM  EXTRACTION  EQUIPMENT  AND  TREATMENT  SYSTEM 

Terra  Vac  will  install  five  extraction  units  (positive 
displacement  blower)  and  vapor-liquid  separators.  The 
extraction  unit  is  equipped  with  noise  suppression  devices 
and  explosion-proof  motor  and  motor  controls.  The  extraction 
unit  is  operated  on  240/480-Volt,  3-phase  service. 

Extracted  vapors  will  be  treated  by  passing  the  contaminated 
vapor  stream  through  fluidizied  bed  catalytic  oxidizer 
prior  to  emission  to  the  atmosphere.  Abatement  efficiency 
will  be  administered  under  limitations  imposed  by  the 
Sacramento  Municipal  Air  Quality  Management  District  and  the 
Air  Force.  A  process  flow  diagram  is  included  as  Figure  4. 

A  more  detailed  description  of  Equipment  and  operating 
procedures  is  provided  in  the  operating  manual : 

5.3  SYSTEM  OPERATIONS 

Once  all  equipment  has  been  installed  and  tested,  system 
start-up  ard  operation  will  occur.  Tasks  during  this  phase 
include:  system  optimization,  system  monitoring  (including 
vapor  sampling),  and  continued  operations. 

5.4  HOT  AIR  INJECTION 

Halfway  through  the  project  additional  wells  will  be  drilled 
and  modified  for  hot  air  injection.  Effects  on  rate  of 
contaminant  removal  will  be  documented. 

5.5  FINAL  REPORT 

Once  the  six  month  pilot  test  is  complete,  a  final  report 
will  be  written  and  the  demobilization  of  the  vacuum 
extraction  equipment  will  occur. 

6.0  RISK  MITIGATION 

Phase  specific  risks  for  the  pilot  test  project  are  tabulated 
as  follows: 


Assessment 

low  -  moderate 
moderate  -  high 

moderate  -  high 


Acti vit’ 


Physical /Chemical  Risks 


Construction 


heavy  lifting,  traffic, 
heat/cold  stress 


Start-up/ 

operations 


heat/cold  stress 
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Demobilization  heavy  lifting,  rotating  low  -  moderate 

equipment , 

heat/cold  stress  moderate  -  high 

6.1  SITE  MONITORING/ACTION  LEVELS 

Field  activities  associated  with  the  installation  and/or 
operation  of  the  vacuum  extraction  system  may  create 
potential  hazardous  conditions  such  as  the  release  of 
hazardous  substances,  especially  during  construction. 
Monitoring  of  these  substances  by  the  SSO  will  be  performed 
to  ensure  appropriate  personal  protective  measures  are 
employed  during  site  activities. 

Monitoring  with  a  hand-held  photoionization  detector  (PID) 
will  be  conducted  in  the  work  zone  during  sampling  activities 
and  during  system  operation.  The  PID  will  monitor  total  VOC 
levels  and  will  be  calibrated  using  100  ppm  Isobutylene.  The 
ionization  potential  of  the  PID  lamp  is  11.7  eV. 

Total  atmospheric  breathing  space  vapor/gas  concentrations 
will  be  monitored  to  determine  appropriate  action  levels  to 
protect  the  safety  and  health  of  workers.  During  this 
sampling  survey,  it  is  likely  that  the  instrument  readings 
will  reflect  a  mixture  of  contaminants.  The  PID  readings 
will  be  recorded  for  each  intrusive  activity  in  the  daily 
log.  All  monitoring  instruments  will  be  calibrated  according 
to  the  manufacturers  specifications  at  least  on  a  daily 
basis . 

During  the  course  of  any  activity,  if  PID  readings  of  <lppm 
(above  background)  are  encountered  in  the  breathing  zone  of 
the  exclusion  area,  modified  level  D  protection  shall  be 
used.  If  concentrations  are  between  1-5  ppm  (above 
background)  the  level  of  protection  shall  be  upgraded  to 
level  C.  If  concentrations  in  the  work  zone  exceed  5  ppm 
(above  background)  for  a  period  of  5  minutes  or  longer,  work 
will  immediately  be  terminated  by  the  Project  Manager  and/or 
the  site  SHO.  The  area  will  then  be  monitored  until  the 
concentration  drops  below  5  ppm. 

The  following  are  general  guidelines  associated  with  air 
monitoring  readings: 

LEVELS  OF  PROTECTION  PID  READINGS  OR  VINYL  CHLORIDE 

COLORIMETRIC  READINGS 

Level  D  <1  ppm** 

Level  C  (1/2  face  misk)  1-5  ppm** 

Work  terminated,  area  evacuated  >  5  ppm** 

**  Readings  taken  in  the  breathing  zone  for  5  minutes,  above 
background . 
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6,2  PERSONAL  PROTECTIVE  EQUIPMENT 

Based  on  an  evaluation  of  the  hazards  at  the  site,  PPE  will 
be  required  for  all  personnel  and  visitors  entering  the 
controlled  portion  (exclusion  zone)  of  the  site.  Protective 
clothing  and  respiratory  protection  for  each  level  of 
protection  are  as  follows: 

Level  C 

-Full  or  half  face,  air  purifying,  organic  vapor 
cartridge  equipped  respirator, 

-Disposable  chemical  resistant  one-piece  suit 
(polyethylene  coated  Tyveks), 

-Chemical  resistant  safety  boots  with  chemical  resistant 
overboot  (polyethylene  coated), 

-Inner  and  outer  chemical  resistant  gloves  (neoprene 
rubber) , 

-Hard  hat, 

-Safety  glasses. 

Level  D. 

-Disposable  chemical  resistant  one-piece  suit 
(polyethylene  coated  Tyveks),  (optional,  unless 
handling  wet  materials,  contaminated  soil,  or  steam 
cleaning) , 

-Long  sleeve  shirt  and  long  trousers 
-Protective  gloves, 

-Chemical  resistant  safety  boots  or  shoes, 

-Hard  hat, 

-Safety  glasses. 

The  following  levels  are  anticipated  for  the  following  site 


activities : 

1.  Installation  of  process  piping  D 

2.  Vacuum  system  operations  D 

3.  Vacuum  system  sampling  D 

4.  Secured  zone  area  access  D 

6 . 3  EMERGENCY  PROCEDURES 


Emergency  communications  at  the  site  will  be  conducted  by 
means  of  a  telephone.  Emergency  phone  numbers,  found  in 
Table  2,  will  be  clearly  posted  above  the  phone.  The  Project 
Manager  and  Field  Supervisor  will  notify  all  field  personnel 
and  evacuate  the  area  if  necessary  if  an  emergency  occurs.. 

A  designated  evacuation  area  will  be  identified  on  the  first 
day  of  operations. 
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The  Project  Manager  or  Field  Supervisor  will  perform  a  head 
count  to  ensure  that  all  personnel  are  safely  away  from 
danger.  Terra  Vac  will  provide  emergency  responders  with 
copies  of  the  material  safety  data  sheets  (see  Appendix  7) 
and  any  other  requested  information. 

The  COE  will  be  notified  immediately  by  telephone  if  any 
significant  event  occurs  on  site  and  a  written  report 
explaining  the  event  shall  be  prepared  within  one  day.  A 
significant  event  is  defined  to  include  events  in  which  a 
personnel  injury  occurs,  a  property  loss  of  substance  occurs, 
or  where  the  events  posed  a  significant  threat  of  loss  or 
personnel  injury  as  described  in  federal,  state,  and  local 
requirements . 

6.4  CONFINED  SPACE  ENTRY  PROCEDURES 

Upon  review  of  the  site  and  the  tasks  required  to  remediate 
the  site,  it  has  been  determined  that  there  will  be  no 
confined  spaces  that  Terra  Vac  employees,  subcontractors  or 
visitors  must  enter,  therefore  no  confined  space  entry 
procedures  are  recorded  here. 

7.0  RESPIRATORY  PROTECTION  PROGRAM 

Respiratory  protective  equipment  shall  be  used  whenever 
effective  engineering  control  measures  are  not  feasible. 

Only  National  Institute  of  Occupational  Safety  and  Health 
(NIOSH)  approved  respiratory  protection  equipment  will  be 
used.  To  ensure  an  effective  respiratory  protection  program, 
the  SHO,  or  Field  Supervisor  will  monitor  and  evaluate 
various  operations  to  assure  all  facets  of  this  plan  are 
being  followed. 

7.1  EMPLOYEE  RESPONSIBILITY 

1.  Employees  shall  use  the  protective  equipment  in 
accordance  with  instructions  and  training  received. 

2.  Employees  shall  guard  against  damage  to  safety 
equipment . 

3.  Employees  who  use  respiratory  protective  equipment 
shall  clean,  inspect,  maintain,  and  properly 
store  the  equipment. 

7.2  SELECTION  OF  RESPIRATORY  PROTECTIVE  EQUIPMENT 

Selection  of  the  appropriate  respiratory  equipment  will  be 
based  on  the  chemical  and  physical  properties,  toxicity  and 
concentrations  of  the  hazardous  materials  encountered. 
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7.3  USE  OF  RESPIRATORY  PROTECTIVE  EQUIPMENT 

I.  General 

A.  Respiratory  protective  equipment  shall  not  be 
worn  when  conditions  prevent  a  good  face  seal  . 

B.  To  assure  proper  protection,  the  face  piece  fit 
shall  be  checked  by  the  user  each  time  the 
equipment  is  used.  This  will  be  done  by 
performing  a  positive/negative  pressure  test. 

The  procedure  for  a  negative  pressure  test  is: 

1.  Close  off  the  inlet  opening  of  the  canister 
by  covering  with  the  palm  of  the  hand. 

2.  Inhale  gently  so  that  the  face  piece 
collapses  slightly  and  hold  breath  for 
approximately  10  seconds. 

3.  If  the  face  piece  remains  in  its  slightly 
collapsed  condition  and  no  inward  leakage  of 
air  is  detected,  a  satisfactory  respirator 
fit  exists.  If  not,  the  respirator  will  not 
be  used  until  a  satisfactory  fit  is 
attained. 

The  procedure  for  a  positive  pressure  test  is: 

1.  Close  off  or  cover  the  exhalation  valve. 

2.  Exhale  gently  into  the  face  piece. 

3.  A  correct  fit  will  provide  a  slight  positive 
pressure  inside  the  face  piece  without  any 
evidence  of  leakage  around  the  face  piece. 

C.  Employees  and  subcontractors  will  not  be 
assigned  to  tasks  requiring  use  of  respirators 
unless  it  has  been  determined  that  they  are 
physically  able  to  perform  the  work  and  handle 
the  equipment. 

D.  Terra  Vac  employ^ies  will  each  be  issued  a 
respirator  and  are  responsible  for  its  care  and 
maintenance . 

E.  Smoking  will  be  prohibited  on  any  Terra  Vac  job 
site  offices,  vehicles,  or  facilities. 
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II.  TRAINING 

A.  Each  respirator  wearer  shall  be  given  training 
including: 

1.  An  explanation  of  respiratory  hazards  and 
consequences  if  the  respirator  is  not  used 
properly . 

2.  An  explanation  of  why  a  particular  typ  ,  of 
respirator  has  been  selected. 

3.  A  discussion  of  the  function,  capabilities 
and  limitations  of  the  selected  respirator. 

4.  Instruction  in  how  to  don  the  respirator  and 
to  check  its  fit  and  operation. 

5.  Instructi  :n  in  the  proper  wearing  of  the 
respirator . 

6.  Instruction  in  respirator  maintenance. 

B.  Eacii  employee  shall  be  fit  tested  for  each 
respirator  they  are  expected  to  use. 

C.  After  initial  training  in  the  use  of  respiratory 
protective  equipment,  periodic  evaluations  of 
each  employee's  ability  to  use  the  equipment 
will  be  performed  by  Terra  Vac  Health  and  Safety 
Officers . 

9.0  SITE  CONTROL  PLAN 

In  order  to  have  authorized  entry  into  the  controlled  portion 
of  the  site: 

1.  Examination  by  a  licensed  physician  within  the 
previous  twelve  months,  having  been  determined  to  be 
capable  of  performing  the  work,  and  have  a 
respirator  certification. 

2.  All  required  training  requirements  outlined  in  29 
CFR  1910.120  (OSHA  regulations  for  hazardous  waste 
site  workers)  have  been  satisfied. 

3.  The  details  of  this  SHF  reviewed,  understood  and 
signed  off  by  the  individual. 

All  personnel  must  attend  daily  safety  and  health  meetings 
held  prior  to  the  beginning  of  each  day's  activities  or  when 
necessary  to  assure  compliance  with  the  site  SHP  and  to 
discuss  and  solve  any  new  problems  that  may  ha''<»  arisen  from 
previous  activities. 
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9 . 1  CONTROL  ZONES 

Control  boundaries  will  be  established  within  the  areas  of 
site  activities  (See  Figure  5).  Examples  of  boundary  zones 
include:  exclusion  zone,  decontamination  zone  and  support 
zone.  All  boundaries  will  be  dynamic  and  determined  by  the 
planned  activities  for  the  day.  The  Project  Manager  and/or 
site  Safety  and  Health  Officer  will  be  responsible  for 
personnel  passing  through  these  zones  and  for  ensuring  the 
proper  decontamination  of  equipment  and  personnel . 

Anyone  entering  the  controlled  area  will  be  required  to  sign 
in  on  the  Terra  Vac  Safety  and  Health  log  located  on-site  at 
an  easily  accessible  location. 

9.2  EXCLUSION  ZONE 

The  controlled  portion  of  the  site  will  be  delineated  to 
identify  the  exclusion  zone,  wherein  a  higher  level  of 
personal  protective  equipment  may  be  required  for  entry. 

An  exclusion  zone  will  be  designated  in  any  areas  in  which 
site  activities  have  the  potential  for  exposure.  The  limits 
of  the  exclusion  zone  will  be  defined  by  caution  tape.  The 
"buddy”  system  will  be  implemented  for  any  work  within  the 
exclusion  zone.  While  working  in  the  "buddy"  system,  at 
least  one  individual  will  have  completed  an  8-hour 
supervisory  training  for  hazardous  waste  operations 
supervisors . 

All  personnel  entering  the  exclusion  zone  will  be  required  to 
wear  the  level  of  protection  (D  or  C)  which  has  been  selected 
by  the  Project  Manager  or  the  site  SHO.  No  smoking,  eating, 
chewing  gum,  tobacco,  or  drinking  will  be  allowed  within  the 
exclusion  zone. 

9.3  DECONTAMINATION  ZONE 

Upon  leaving  the  exclusion  zone,  all  personnel  and  equipment 
must  follow  appropriate  decontamination  procedures.  The 
decontamination  requirements  will  depend  on  the  level  of 
protection  used  within  the  exclusion  zone  and  the  degree  of 
contamination . 

The  personnel  decontamination  zone  will  be  located 
immediately  outside  the  access  of  the  exclusion  zone,  and 
will  be  delineated  by  temporary  chain-link  fencing.  This 
zone  will  contain  the  necessary  decontamination  materials  for 
personnel  decontamination. 

9 . 4  SUPPORT  ZONE 

The  support  zone  will  be  located  so  there  is  little  or  no 
potential  of  exposure  to  hazardous  materials  while  working 
within  this  zone.  All  personnel  conducting  work  within  the 
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support  zone  will  be  required  to  wear  level  D  PPE.  All  of 
the  vacuum  extraction  equipment  will  be  located  within  the 
support  zone. 

9.5  SITE  COMMUNICATIONS 

Communication  with  on-site  personnel  shall  be  by  means  of 
voice  communication,  hand  signals,  and  a  whistle.  Hand 
signals  will  be  discussed  at  each  mornings  safety  and  health 
briefing.  The  site  SHO  will  have  a  whistle  which  he  will 
blow  if  evacuation  of  the  site  is  necessary.  A  "buddy" 
system  will  be  used  during  all  on-site  activities.  No  single 
individual  will  be  on  site  by  himself  during  site  activities. 

For  off-site  communication,  a  telephone  will  be  installed  in 
the  on-site  office  trailer.  Emergency  telephone  numbers 
(Table  2),  and  the  fastest/safest  route  to  the  nearest 
hospital  (Figure  6)  will  be  placed  on  the  wall  above  the 
telephone . 

9.6  STANDARD  SAFE  OPERATING  PROCEDURES 

The  following  is  a  list  of  standard  safe  operating  procedures 
for  Terra  Vac  sites.  These  procedures  may  vary  from  site  to 
site  depending  upon  specific  circumstances. 

*  Prior  to  site  entry,  all  personnel  shall  have 
reviewed  and  understood  the  site  Safety  and  Health 
Plan, 

*  Personnel  shall  sign  "in"  and  "out"  in  the  daily  log, 

*  Daily/weekly  safety  and  health  meetings  will  be  held 
to  address  site  activities  and  any  concerns  or 
problems  that  may  have  arisen  from  previous 
activities , 

*  Monitoring  of  on-site  personnel  for  signs  of 
heat/cold  stress  or  fatigue, 

*  Monitoring  of  the  breathing  zone  for  VOCs  and  for 
explosive  gas  mixtures, 

*  Site  inspection  for  any  physical  hazards 

*  Use  of  the  "buddy"  system  to  ensure  that  there  will 
be  a  second  person  available  non-emergency  should  the 
need  arise. 

10.0  DECONTAMINATION 

Decontamination  is  the  process  of  removing  or  neutralizing 
hazardous  materials  that  workers  and/or  equipment  have  come 
into  contact  with  as  a  result  of  working  in  a  controlled 
environment.  Decontamination  is  crucial  to  health  and  safety 
at  hazardous  work  sites.  Decontamination  procedures  protect: 

1.  Workers  against  exposure  to  dangerous  materials, 

2.  Equipment,  vehicles  and  testing  equipment  for  future 
use . 
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In  addition,  decontamination  is  the  only  protection  against 
transport  of  contaminants  from  the  site.  Proper 
decontamination  procedures,  when  followed  with  care,  will 
protect  employees  and  the  general  public  from  the  effects  of 
hazardous  materials  and  help  provide  a  safe  working 
environment . 

10.1  PERSONNEL  DECONTAMINATION 

Upon  leaving  the  exclusion  zone,  all  personnel  must  follow 
appropriate  decontamination  procedures.  The  decontamination 
requirements  will  depend  on  the  level  of  protection  used 
within  the  exclusion  zone  and  the  degree  of  contamination. 

A  decontamination  zone  will  be  established  immediately 
outside  the  access  opening  of  the  exclusion  zone.  This  zone 
will  contain  the  necessary  decontamination  materials  for 
personnel  decontamination.  This  area  will  contain  a  tub  of 
wash  water,  a  tub  of  rinse  water,  a  plastic-lined  drum  for 
disposal  of  expendable  clothing  and  a  first  aid  kit. 

Wash  solutions  will  consist  of  water  and  detergent  such  as 
Alconox  or  sodium  phosphate,  and  rinse  solution  shall  consist 
of  clean  water.  Any  contaminated  wash  solutions  shall  be 
collected  in  drums  for  disposal.  All  other  safety  and  health 
equipment  will  be  decontaminated  and  disposed  of  as  non- 
hazardous  waste. 

10.2  EQU I PMENT  DECONT AM I NAT I ON 

The  equipment  decontamination  area  will  be  staged  in  an  area 
to  be  determined  by  site  specifics.  It  will  consist  of  long- 
handled  scrub  brushes,  detergent  solution,  water,  a  plastic- 
lined  disposal  drum  and  plastic  sheeting. 

All  equipment,  including  heavy  equipment  and  soil  sampling 
equipment,  will  be  cleaned  of  any  excess  material  (soil, 
etc.)  prior  to  leaving  the  exclusion  zone.  Soiled  equipment 
will  be  washed  with  brushes,  detergent  solution,  rinse  water, 
and  steam  as  deemed  necessary.  All  material  collected  on  the 
plastic  sheeting  will  be  drummed  and  disposed  of  properly 
according  to  regulations. 

Because  of  the  sensitivity  of  certain  monitoring  equipment 
(i.e.  photoionization  detector,  and  the  LEL  meter), 
decontamination  of  such  equipment  shall  consist  of  wiping  the 
exterior  down  with  a  damp  disposable  cloth  and  air  dried 
before  leaving  the  decontamination  area. 

11.0  SITE  LOGS,  REPORTS  AND  RECORD  KEEPING 

Terra  Vac  shall  keep  and  maintain  logs  and  reports  covering 
the  implementation  of  the  Safety  and  Health  Plan.  A  separate 
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training  log,  and  daily  safety  and  health  log,  will  be  kept 
on  site  at  all  times. 

Site  safety  and  health  logs  are  listed  below: 

1.  Training  log 

-date  and  place  of  training  site 
-employee  or  visitor's  name 
-amount  of  time  allotted  for  training 
-topics  covered  in  training  session 

2.  Daily  Safety  and  Health  Log 

-date  and  time  of  site  entry/exit 
-work  zone  location 
-workers  in  a  particular  zone 
-air  monitoring  data 
-equipment  being  used  in  each  zone 
-personal  protective  equipment  being  worn  by 
workers 

3.  Operating  Log 

-operating  data 
-system  adjustments 
-sample  collection 

12.0  HAZARD  COMMUNICATION  PROGRAM 

A  hazardous  chemical  is  broadly  defined  as  a  chemical  that  is 
either  a  health  hazard,  a  physical  hazard,  or  both.  To 
insure  that  all  employees  and  subcontractors  receive  the 
necessary  information  regarding  the  safe  handling  of 
chemicals,  and  other  substances  that  are  normally  required  in 
the  execution  of  Terra  Vac  projects,  a  Hazard  Communication 
Program  has  been  established. 

A  list  of  hazardous  chemicals  will  be  maintained  by  the 
Project  Manager  or  site  SHO.  The  master  list  will  consist  of 
all  hazardous  chemicals  used  or  stored  at  the  project  site 
and  will  be  updated  weekly.  The  Project  Manager  or  SHO  must 
be  notified  of  any  chemical  substance  being  ordered  for  the 
first  time  or  not  on  the  master  list  to  assure  the  new 
chemical  will  be  added  to  the  master  list. 

12.1  MATERIAL  SAFETY  DATA  SHEETS 

Material  Safety  Data  Sheets  (MSDS),  for  each  chemical  used  or 
stored  at  the  job  site  shall  be  kept  in  a  notebook  located  in 
a  central  location  and  accessible  to  all  employees  whose  jobs 
may  involve  handling  of  these  materials.  The  MSDS  notebook 
will  be  reviewed  and  updated  weekly  to  ensure  a  current  MSDS 
is  available  for  all  chemicals  used  or  stored  on  site. 
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12.2  LABELS 


All  containers  on  site  holding  hazardous  chemicals  must  be 
appropriately  labeled,  tagged,  or  marked  with  the  identity  of 
the  material  and  appropriate  hazard  warnings.  Labels  may 
identify  by  using  the  common  trade  name  or  the  chemical  name. 
The  hazard  warning  is  a  brief  statement  of  the  hazardous 
effect  of  the  chemical.  It  is  the  responsibility  of  the 
SHO  to  ensure  all  containers  are  properly  labeled. 

13.0  STAUDARD  OPERATING  PROCEDURES,  ENGINEERING  CONTROLS, 
WORK  PRACTICES 

On  all  Terra  Vac  job  sites  safe  work  and  operating  practices 
are  required.  Where  possible,  engineering  controls  will  be 
used  to  provide  a  safer  work  place. 

13.1  SITE  RULES/PROEIBITIONS 

The  following  is  a  list  of  rules  and  prohibitions  required 
for  Terra  Vac  job  sites. 

1.  Proper  levels  of  protection  will  be  required  for  all 
on-site  personnel  (Level  D  is  required  if  no  other 
level  is  specified). 

2.  The  ’’buddy"  system  will  be  implemented  during  work 
within  the  exclusion  zone. 

3.  Operating  logs  and  safety  and  health  logs  to  be  on¬ 
site  for  review  and  daily  entries. 

4.  Safety  and  health  monitoring  for  chemical,  physical, 
and  environmental  risks  will  be  performed  as  needed 
and  by  qualified  personnel. 

5.  Workers  will  be  properly  trained  for  the  various 
tasks  performed  during  this  project. 

6.  Personnel  and  equipment  will  be  properly 
decontaminated  prior  to  breaks  (meals,  rest,  etc.) 
and  leaving  the  site. 

7.  All  on-site  personnel  will  review  and  understand  the 
site  safety  and  health  plan. 

8.  All  work  will  be  performed  in  a  professional  and 
safe  manner. 

9.  No  smoking  will  be  permitted  in  Terra  Vac  vehicles, 
offices,  or  at  job  sites. 

10.  No  Terra  Vac  employee  will  be  under  the  influence  of 
alcohol  or  controlled  substances  while  conducting 
Terra  Vac  business. 

13.2  HEAVY  EQUIPMENT  OPERATION 

The  procedures  for  the  operation  of  heavy  construction 
equipment  shall  be  in  compliance  with  29  CFR  1926.  Every 
employee  who  will  operate  a  specific  piece  of  equipment  shall 
receive  the  proper  training  in  the  operation  and  maintenance 
of  that  equipment.  If  any  heavy  equipment  is  expected  to  be 
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used  at  a  job  site,  all  workers  will  be  informed  of  the 
presence  of  heavy  equipment  and  of  the  safe  work  practices 
involved  when  working  around  heavy  equipment. 

13.3  MACHINERY/MECHANIZED  EQUIPMENT 

Terra  Vac  remediation  equipment  must  be  inspected  and 
maintained  to  insure  proper  performance  and  minimal  safety 
and  health  risks  to  the  equipment  operators.  The  following 
is  a  list  of  some  of  the  items  that  need  to  be  checked  and/or 
inspected  on  most  mechanized  equipment: 

1.  Check  for  any  bare  or  exposed  wires. 

2.  Check  all  belts  for  proper  tightness  and  alignment. 

3.  Check  oil  (change  oil  if  necessary)  and  water  levels 
of  equipment  when  applicable. 

4.  Ensure  all  protective  covers  and  guards  are  in 
place. 

5.  Ensure  any  rotating  equipment  if  turning  in  the 
proper  direction. 

6.  Report  any  infractions  to  the  site  SHO  and/or  the 
Field  Supervisor. 

7.  Site  SHO  and/or  the  Field  Supervisor  shall  m»ke 
proper  entries  into  the  site  Safety  and  Health  log 
book . 

13.4  FALL  PROTECTION 

During  the  course  of  this  remediation  project,  minimal 
overhead  work  will  be  performed  where  a  ladder  or  other 
method  of  raising  a  worker  above  the  ground  will  be  needed. 
When  overhead  work  is  performed,  the  proper  safety  equipment 
(i.e.  safety  belt  or  cage)  will  be  used. 

13.5  SAFE  CLEARANCE 

Safe  clearance  procedures  shall  be  used  when  any  maintenance 
work  may  be  performed  on  electrical  systems,  machinery, 
pressure  systems,  and  rotating  equipment.  Power  (electrical 
and  mechanical)  will  be  turned  off,  tagged  and  locked  in  an 
open  position  at  the  master  switch  or  main  breaker  and 
mechanical  transmissions  shall  be  physically  locked  out  or 
disconnected  prior  to  starting  any  work  on  the  system. 

Lockout/Tagout  procedures  can  be  found  in  Appendix  A.  The 
procedures  of  the  Lockout/Tagout  Plan  can  be  applied  to  all 
types  of  systems  that  require  safe  clearance  policies. 

13.6  ELECTRICAL  HAZARDS 

The  remediation  equipment  at  this  site  will  be  powered  by  480 
Volt,  3-phase  power.  Terra  Vac  policy  states  that  Electrical 
Lock-out/Tag-out  procedures  (see  Appendix  A)  are  to  be  used 
whenever  inspection,  maintenance  or  other  work  on  electrical 
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equipment  of  400  Volts  or  above  occurs  and  on  lower  voltage 
equipment  if  it  is  physically  possible  to  do  so.  It  is  the 
responsibility  of  the  Project  Manager,  SHO,  or  the  Field 
Supervisor  to  ensure  employees  are  trained  in  these 
procedures,  and  that  the  procedures  are  followed. 

Initial  electrical  installation  shall  be  performed  by  a 
qualified  subcontractor  who  will  be  informed  of  Terra  Vac 
policies  on  electrical  procedures  and  will  be  required  to 
adhere  to  these  policies.  Electrical  connections,  wiring, 
and  equipment  shall  conform  to  all  codes  and  regulations. 

13.7  UTILITY  CLEARANCES 

An  underground  locator  service  shall  be  employed  to  locate 
and  mark  any  underground  obstructions.  If  possible,  as  built 
drawings  showing  underground  interferences  shall  also  be 
obtained.  Any  overhead  utilities  can  readily  be  seen  and 
avoided  during  site  activities. 

13.8  SPILL  CONTAINMENT 

After  reviewing  the  necessary  tasks  for  site  remediation  and 
finding  little  or  no  potential  for  hazardous  liquid  storage 
or  spill,  it  has  been  determined  that  no  detailed  spill 
containment  program  is  needed.  Adsorbent  will  be  kept  onsite 
for  minor  spills. 

13.9  COMMUNICATIONS 

On-site  communications  shall  be  by  verbal  communication, 
designated  hand  signals  (to  be  demonstrated  in  the  field  on 
the  first  day  of  each  new  activity),  and  a  whistle  to  be 
blown  in  the  event  that  evacuation  is  necessary. 
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ELECTRIC 

UTILITY 


TABLE  2 

EMERGENCY  TELEPHONE  NUMBERS 


Address:  2852nd  SPS 

McClellan  AFB 


Address:  2852nd  DEF/ABG 


Address : 


Address : 


Address : 


Address : 


Address : 


Address : 


Phone:  916/643  -6168 

112 

911  (off-base) 


Phone:  916/643-5622 

117 

911  (off-base) 


Phone:  116 

911  (off  base) 


Phone:  117 

911  (off-base) 


Phone;  116 

911  (off-base) 


Phone:  916/643-4875 

366-2000  (off-base) 


Phone;  916/643-4875 
383-2323  (off-base) 


916/643-4875 
383-2323  (off-base) 


Paam 


71 


TABLE  2 

EMERGENCY  TELEPHONE  NUMBERS 
MCCLELLAN  AIR  FORCE  BASE 


POLICE 

DEPARTMENT 


FIRE 

DEPARTMENT 


PARAMEDIC 


FIRE 

REPORT 


AMBULANCE 

SERVICE 


WATER 

DEPARTMENT 


GAS 

UTILITY 


ELECTRIC 

UTILITY 


TELEPHONE 

UTILITY 


Address:  2852nd  SPS 


Address:  2852nd  DEF/ABG 


Address : 


Address : 


Address : 


Address: 


Address : 


Address : 


Address : 


American  River  i 
4747  Engle  Road 
Carmichael,  CA 
(off-base) 


Phone:  916/643-6168 


112 

911 

(off-base) 

Phone: 

916/643-5622 

117 

911  (off-base) 

Phone: 

116 

911 

(off-base) 

Phone : 

117 

911 

(off-base) 

Phone: 

116 

911 

(off-base) 

Phone:  916/643-4875 

366-2000  (off-base) 


Phone:  916/643-4875 

383-2323  (off-base) 


Phone:  916/643-4875 

383-2323  (off-base) 


Phone:  916/643-4875 

811-9000  (off-base) 


Phone:  916/643-4875 

848-2100  (off-base) 


HOSPITAL 


Address 


FIGURE  3. 

PROJECT  ORGANIZATION 
SOIL  VAPOR  EXTRACTION  REMEDIATION 
TERRA  VAC  PROJECT  30-0056 
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